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.INFLUENCE OF HEAT AND COLD UPON MUSCLES 
POISONED BY VERATRIA. By T. LAUDER 
BRUNTON, MD. F.RS. anp J. THEODORE CASH, 
M.D. 


In order to gain if possible farther insight into the mode of action 
of Veratria upon muscles, it seemed advisable to study this action 
under different conditions. Heat and cold modify the normal muscle — 
curve to a great extent, and we have therefore made a number of 
observations in order to ascertain whether the curve of a muscle 
poisoned by veratria is modified by them in the same way and to a 
corresponding extent. These observations have shown us that the 
curves given by @ poisoned muscle are modified by temperature in a 
somewhat surprising manner. The experiments were performed by 
pithing a frog and afterwards ligaturing one leg or its artery alone. 
A measured quantity of veratria was then introduced into the dorsal 
lymph-sac. The circulation being arrested in one limb. by the ligature, 
the poison was prevented from reaching the muscles of that limb, and 
they could therefore be employed for comparison with the poisoned 
muscles. A certain time after the injection of the poison the gastro- 
cnemii were removed. The. poisoned muscle was placed in a moist 
chamber, and a tracing was taken of the curve it gave on electrical 
stimulation at the temperature of the room. The temperature of the 
chamber was then raised or lowered and tracings were taken, the degree 
at’ which the thermometer stood in the moist chamber being noted 

at the same. time. “As frequently repeated stimulation very greatly 
- alters the. curve of a muscle poisoned by veratria, the stimuli were 
separated by a considerable and constant interval, and every contraction 
was registered for the purpose of subsequent comparison. The moist 
chamber in which the frog’s muscle was suspended consisted of a glass 
tube, 3c.m. in breadth and 7c.m. in length. A spiral metal tube for 
the conveyance of heated or iced water passed through the cork which 
served to close the upper end of the cylinder.. This stopper at the same 
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LAUDER BRUNTON AND J. T. CASH. 


time carried (1) a clamp to hold the femur; (2) a binding screw to 


connect this clamp into one contact for direct stimulation ; (3) a 
second nut connected with a binding screw externally, carrying fine 
coiled wire permanently whipped onto the shank of a small-sized trout 


hook with an S bend, completing the muscle circuit; (4) a pair of. 


platinum electrodes for stimulating indirectly; and (5) an opening 


for the thermometer registering the internal temperature of the | 
chamber. Through the cork closing the lower extremity of the cylinder, 
passed the escape tube for the heated and cooled water, and a fine 


glass tube with an hour-glass contraction in its centre, which just 
admitted of the free movement of a fine strand of silk. This silk was 
connected above with the under-bend of the trout hook, and below with 
the registering lever, and it thus served to connect muscle and recording 
apparatus, whilst allowing the least possible interchange of the contained 
air of the cylinder with the external atmosphere. This chamber is a 
modification of one we have employed for testing the effects of gas upon 
muscle tissue, for which purpose the cylinder is made entirely air-tight 
by admitting a few drops of oil from a small tank to the floor of the 
chamber with which it communicates, by means of a tube with a 
V-shaped bend. This is likewise, without oil, available for testing the 
effects of watery solutions upon the elasticity or contractility of muscle. 
_ A series of modified Leclanché’s elements were connected with the 
binding screw on one column of Du Bois Reymond’s inductorium. The 
second wire passed to the primary coil through the arm of a lever, 
which when in contact with a platinum point, closed the primary circuit. 


_ The rupture of this contact was insured by a projecting point on the. 


upper surface of the revolving blackened drum striking the lever, and so 
causing the generation of a single opening induction shock. The 
secondary circuit included the secondary coil, with its connections 
through a Pohl’s commutator with the electrodes in a moist chamber. 
To avoid polarization to which the Leclanché elements are liable if long 
used, the primary circuit was closed only the instant before stimulation 
was caused by its rupture. Maximal stimulation was employed in all 
cases. To avoid the érror of attributing changes, in reality due to the 
repeated contraction of the veratria muscle, to other causes, stimulation 
was employed only for the production of the recorded contractions. 
The weight suspended from the axis of the lever, had the actual 
extending value of 8 grms, upon the muscle. 

Veratria. The general action of veratria has ae admirably 
investigated by Von Bezold, but in order to render the present account 
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ACTION OF VERATRIA UPON MUSCLES. 3 


_ of its action more complete we may here recapitulate it. If 1—2 drops 
of a solution of veratria (002 grms. per lc.c.) be injected into the 
lymph-sac of a frog, and the condition of the animal be examined in 10 
—20 minutes, it will be found that if a spring be induced the movement © 
is rapidly and effectively accomplished, but that on alighting instead of 
_ the legs being under the ventral aspect of the frog, and prepared for a 
fresh spring, they are extended behind, and it is only after the lapse of 
a considerable time that they are drawn up to their normal position. 
Rapid and powerful contraction with very slow relaxation are the features 
of the movement. The character of the muscle curve from a frog 
poisoned with veratria explains the reason of this condition. The 
ascent is precipitous, and terminates when a considerable altitude has 
been attained. The summit of the curve proper is not markedly 
prolonged, and it is often succeeded by a decline which shows the- 
tendency to regain the abscisse; but at this point the effect of the 
poison becomes characteristic, for ‘ths curve suddenly ceases its decline, 

and rises to an altitude often far above that attained by the active 
contraction,—the immediate result of stimulation. After this veratria 
“contracture” has reached its maximum it commences to decline, and 
this gradual relaxation continues with diminishing speed till the abscisse 
is regained. The whole contraction resulting from a single stimulation 
may occupy 5”—15” or longer according to the extent of absorption of 
the poison which has occurred; the temperature of the room, and the 
condition of the frog, etc. 

Two distinct considerations are implied in each curve. (1) The 
modification of the active curve as far as it can be recognised, and (2) 
the subsequent “contracture” of the muscle, as we shall at present term — 
it for convenience sake. 

What effect has cooling and heating upon these two phases? As 
regards the curve active, the effect is the same as in the unpoisoned 
muscle, cold lengthens and may lower the altitude, whilst heat shortens 
and increases the altitude. As regards the subsequent contracture, cold, 
has a tendency somewhat proportional to its degree, to lower this and to 
postpone the maximum of the veratria contracture, whilst heat, up to a 
certain point tends to increase, and after this point to lessen it, until at 
30° to 35°C. (Winter frog) the curve often approaches closely to the 
normal appearance, as the contracture has been reduced to a minimum. 
The accompanying tracings are taken from the gastrocnemius of a frog, 
into the dorsal lymph-sac of which one drop of the standard solution of 
veratria (002 per 1 c.c.) had been injected 40 minutes previously. The 
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tracing represents one fifth of the curve described during each revolution 
of the cylinder. The room temperature was 15°C. and after a curve 
had been taken at this, the chamber was cooled by iced water to 14°, 
12°, 11°, and then heated to 16°, 20°, 25°, 30°, etc. | 


Let us describe briefly the condition of the active curve and the 
contracture at each temperature. 7 

An asterisk stands over those temperatures the curves of which are 
introduced. 


Little comment will be needed after the remarks explanatory of this — 


chart have been read. 

The position of the notch depends upon the phase at which the 
active muscle curve has arrived when the veratria contracture supervenes. 
At the temperatures 12°, 11° and 16° the addition of the higher veratria 
curve to the active curve yields a close parallel to the summation of a 
double stimulation. At 30° the curve is long and distinct before the 
contracture occurs, and the decline of the. latter is rapid and complete 
in comparison with the previous curves. _ 
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ACTION OF VERATRIA UPON MUSCLES 5 
Table I. Fig. I. 


OF DO. 


REMARKS on ConTRACTURE. 


*15°0, 


v. 


_ Greatest altitude 12mm. After the 


149 


465 


4°5 mm. 


12° 


4-0 mm. 


52 


3°75 mm, 


Greatest altitude 8°5. 
2nd rotation a above abscisse. 


16° 


5:5 


T5 


Greatest altitude ae mm. 
2nd rotation ll 


ord, 65, 

After this point the decline is very gradual. 

The greatest altitude occurs immediately after 
active contraction. 


Greatest altitude 165. mm, 
2nd rotation 


*30° 


12D. V. 


81° 


No contrac- 
tion. 


On 


* The temp. is in O, degrees. The length of curve in double vibrations of a tuning fork, 


yielding 100 D.V. per second—and the height of the curve is in mm. 


TO NOTCH, 
| | rotated 4 times, the pen has fallen to wi 4 
5mm 1mm. of the abscisse. 
1st rotation 12mm. above abscisse. 
altitude In 4 rotations. the 
3rd ” 4. ” ” a 
Greatest altitude 8:5 mm. of nature of summation 3 
3rd 15 ” 
| Decline much more slow than in the last. Maxi- 4 
mal is only reached 0°5" after stimulation. — a 
Max. contract. 21 mm. ; 
Cannot cer- 2nd rotation 16 ,, E 
| tainly be Probably | 3rd_s,, 12°6,, 4 
: | estimated. | 125mm. | For many seconds the pen did not return within 4 
| Probably 5-2 8mm. of the abscisse. The maximum is not 4 
| attained till more than -5’’ after stimulation. 4 
| Max. contract. 7 mm. 4 
| 2nd rotation 1°,, a 
| | P| 75mm. | The abscisse is ined after a few rotations. : 
f the first a 
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In some cases where the room temperature is low to begin with, it 
seems as though the effect of veratria was delayed to a considerable 
extent, so that it may be only upon heating that the full effect. of the 
poison is developed. Chart II was taken from a frog which had been 
treated in the same manner as in the last experiment. Curves were 
taken at 15° (room temp.), 13°, 11°, 10°, and it will be readily observed 
that the active curve rapidly lengthens in response to the cold, whilst — 


Table II. 


REMARKS ON CONTRACTURE. 


Max. 3°75 mm. falls very slowly. 


Max. 2'5mm. 
Max. falls very rapidly. 
Max. falls very rapidly. 


Max. contracture 12 mm. 
2nd rotation ga mm. 


3rd 


Max. contracture is 1:5 mm. and this rapidly falls, 
A secondary elasticity curve is recognised. 
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the contracture—slight as it is at first—falls away sit considerable 
rapidity. On heating to 18° (or 3° above room) a typical veratria curve 
was. produced, whilst at 25° a normal looking curve with very slight 
contracture was seen. At 30° the muscle died. 

The true influence of the poison is not manifested by the curves of 
the lower temperatures 15°—10°, and it is only upon heating till a 
temperature something higher than that of the room has been reached 
that the typical veratria curve is produced. 

The third chart which we shall introduce shows a slightly different 
relationship of the active curve and the contracture from that which we 
have already examined. 


It is taken from the gastrocnemius of a frog into the lymph-suc of 
which 1°5 drops had been injected, 30’ previously. The moist chamber 
was at first heated to 26° and then cooled, curves being recorded at this 
point 23°, 20° and 19°. The chamber was again heated to 30°, and after 
the recorded contraction, the muscle perished. The rapid fall of the 
curve on cooling, and the concomitant postponement of its maximum 
is well seen in the curve at 20° At 20° and 19° the maximum occurs 
48; after stimulation instead of appearing as a summation almost 
immediately after contraction at 25° and 28°. At 30° there is free 
response to stimulation and the weight of the lever suffices to reduce 
the curve to the abscisse immediately after active contraction. The 
maximum of the remnant of veratria contracture is arrived at immedi- 
ately after the active contraction is over. 
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From the preceding observations we had learned that cold had a 
powerful influence in abolishing or lessening the contracture peculiar to 
the veratria curve, and it seemed advisable to determine whether the - 
advent of the contracture could be hindered for a considerable time by 
injecting the poison and then keeping the animal at a low temperature. 

Had we employed this experiment alone it would have been argued that 
cold retarded absorption, and that therefore it was not till a higher 
temperature was admitted that the effect of the poison became 
developed; we have seen however that this result can be produced by 
cooling a muscle separated from the body, and which has already at a 
higher temperature shown the veratria curve. A dose double in amount 
of that commonly employed (usual dose about ‘00013 veratria) was 
injected into the lymph-sac of a frog, and the animal was at once placed 
in a chamber cooled down to 8°C., the temperature of the room being 23°. 
The movements made by the animal during the 40 minutes it remained 
in this position were those of a winter frog (exaggerated somewhat), no 
characteristic of veratria action was to be remarked. | 

In 40’ the gastrocnemius was prepared in a cold chamber and at 
once placed in a damp receiver which was cooled down to 18°C. 

The temperature was then allowed to rise till 22°C. was reached 
(only 1° below room temperature) and a curve was taken. This curve 


was like that of a slightly cold muscle the viscosity of ‘5 mm. being 
attributable to the same cause: (this part of the tracing was obliterated 
by the curve written over it for the sake of comparison). The distinct 
‘veratria curve written on the same line was obtained by elevating the 
temperature to 24°5 (1°5 above normal). Curves then taken at 28°, 29°, 
30°, 31° and 25° showed the curve and contracture diminishing, till on 
cooling again to 25° a weak contraction with slight subsequent contracture 
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ACTION OF VERATRIA UPON MUSCLES. 9 


was to be seen. The function of the muscle poisoned by veratria was 
more impaired by the high temperature than was that of the unpoisoned. 
In this as in other curves obtained by us, the active veratria contraction 
was exaggerated as compared with the active healthy contraction. 

The experiments which have been thus far detailed were performed 
in the Summer of 1881 with the Rana Temporaria, but as it seemed to 
us desirable to follow the modifying effects of heat and cold upon the 
veratria muscle still further, a new series was instituted in the Winter 
of 1881—82, which whilst.in the main corroborating the Summer results, 
yielded us some additional information and evidence of modification, 
arising no doubt in some measure from the altered condition of the 
animal experimented upon. We have stated already that cold tends to 
lessen the veratria contraction, and our previous curves have shown that 
this reduction is more than commensurate with the fall of the preceding 
muscle curve, and we should therefore argue that cold has a direct and 
modifying influence upon the veratria contracture itself. This hypothesis 
is confirmed by the fact that we have occasionally succeeded in entirely 
removing the- peculiarity in the curve due to the poison, by cooling a 
muscle which at room temperature yielded a typical veratria curve, 
through four or five degrees. Though the veratria curve has reappeared 
on again raising the temperature in the majority of such cases, in — 
others the muscle has shown no return to the curve characteristic of the 
poison even after the lapse of considerable time, and whilst exposed to — 
widely varying degrees of heat and cold. In other words cold has 
“cured” the muscle. This exceptional result we have never obtained 
except in cases of slight or moderate poisoning. When the dose of 
poison is larger, cold only produces a modification of the veratria curve 
as evidenced by a delay of its maximal occurrence and a shorter period 
of its total duration. 

The heated veratria muscle hihi, as has been already remarked, an | 
exaggeration of the original veratria curve up to a certain temperature. 
This phase of exaggeration is usually entered upon from 20° to 24°C. 
and may continue to 28° or 34°C. Again we have to remark that this 
veratria contracture is not commensurate with the change in the muscle 
curve itself, but whilst in the case of cold there was an incommensurate 
reduction, in this case there is an incommensurate increase. The 
veratria contracture is further accelerated in the time of its occurrence, so 
that it is represented as a summation at or even before the maximum 
of the muscular contraction. This stage having been passed and a 
temperature of from 28° to 34°C. reached, we find that there is 
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established a rapid yielding of the veratria curve, and sometimes at 
a certain temperature within or slightly above these limits, all trace 
of effect of the poison is lost. During the fall of the veratria curve it 
may be noted that the primary muscular contraction may have been 
reduced in altitude, or may on the other hand be of normal extent. 
Before the veratria curve is lost it may often be seen that as in the 
case of cold its time of maximal occurrence has been delayed so that 
the compound curve of the moderately heated muscle, which appeared 
as a summation has now the character of a normal curve till the abscisse 
is nearly reached, when the veratria contracture commences, rapidly 
attains its maximum, and rapidly declines. After profound poisoning 
rigor caloris may be reached before the veratria curve is lost. In 
cases where the high temperature has banished the effect of the poison, 
without permanently injuring the vitality of the muscle, we find, on 
reducing the temperature, that either (1) the veratria curve returns 
and is again capable of being varied by exposures to different degrees 
of heat or cold; or (2) the veratria contracture does not return, and the 
muscle yields a curve varying in proportion to the temperatures to 
which it is exposed, but otherwise of normal character. 


Table V. Fig. V. 


or | 
TEMP. | crrve CURVES Remapxs ON CoNTRACTURE. 


8mm, i imalcontracture. Pen reaches abscisse 
in about 24”. 


13D. V. 11°0 mm. 


@ mm. is maxtinal contracture, and this is reached 
i reaches 


13° tare 10°25 ,, *5’’ later than in last case. Pen 
abscisse in 15”. 
975 ,, mm. is maximal 
‘75 mm. is maximal contracture. 
*11 7 17 25 ” 9 ” Abscisse reached in about 45". 
“170 «196 ,, 9°25 ,, No true veratria contracture. 


At 11°5 we have the last indication of a real veratria contracture, and 
at 11°25 we have a “cold” curve without any real veratria action. At 
this point the muscle “is cured”; the effect was still seen at 17°, and 
lasted throughout a somewhat prolonged experiment. 
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The curves are summations of two stimulations of equal strength, 
the second falling the 02” after the first. The poisoning in this case 
was —— only. (66 drop of ‘002 per 1 c.c.) 


Fig. V, is a well marked veratria curve developed at the tempera- 
ture of 25°, in a muscle which at the room temperature gave a much 
feebler indication of the action of the poison. The poisoning was by 
‘5 drop of the ordinary solution “002 grm. 1 c.c. 


LENGTH oF | 
Temp. | ACTIVE CURVE Remark on ConrTRACTURE. 
TO NOTCH. | 

*25° 4D.V. 725mm. | Maximal veratria contracture 14-5 mm. 


There is an appearance of rapid summations of the veratria con- 
tracture after the active muscle curve. The relaxation is of a wavelike 
character and this is seen chiefly in the 5th and 6th revolutions of the 
revolving cylinder. 3 

In other cases cold exercises a comparatively slight effect in ee 
the curve. 
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j 
LENGTH OF 
Temp. | ACTIVE CURVE Remarks on Conrracture. 
: Max. 12 mm. contracture regains abscisse in about 


The early occurrence of the veratria contracture at 17° as appears 
from the accompanying table, makes the compound curve of the nature 


of a summation. The stimulation was simple. 


Fig. VI. is a further representation taken on a cylinder of small 
circumference of the effect of heat and cold on the veratria muscle. At 
19° (room temperature) there was a distinct though. slight veratria 
contraction, but on cooling to 14°5C. (the lowest curve in the chart) 
this has quite disappeared, and a normal reaction at the low temperature 
is shown. On allowing the temperature of the chamber to rise to 17° a 
shorter curve and higher but with no veratria indication is obtained, but 
on heating to 25° a distinct reaction of the poison is seen though with a 
long latency to its maximal development. The veratria curve of 25°C. 
is—though itself not extensive—more marked than at 19°C. 


Table VI: Rana temporaria, *5 drop of veratria solution ‘002 grm. 
to 1 c.c. injected 40’ into dorsal lymph-sac. 
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Temp. Lenora or Hetout Remarks on Conrracrure. 


— 


*14°5 | 17 D.V. | 6°5 mm. The netfee Less 15 D.V. after the active 
| 
“Ee © 9 D.V. 9°75 ,, | No veratria contracture. 


| The maximal veratria contracture is attained °5” 
*25° 11 D.V. 13°56 ,, after stimulation. In 4’ the lever has returned 
to within 1-5mm. of the abscisse. 


Fig. VIL. represents three contractions obtained from the gastro- 
cnemius of a large edible frog. Here again the occasional result to 
which we have before drawn attention—namely, the abolition of the 
veratria curve by heat—is well marked. Did space allow we might 
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represent the gradual relaxation of the veratria contracture occurring at 
every quarter of a degree, though always with a time interval of some 
minutes from 39°5° C. to 40°5°; but the three curves given will of them- 
selves sufficiently serve our purpose. At 35°C. the muscle yields a 
distinct veratria contracture, at. 39°75 this is diminished though still 
existent ; but when the temperature of 40°5° is reached, the lever for 
the first time drops below the abscigse on relaxation of the muscle, end 
there is no subsequent indication of the action of the poison. 


Table VII. Rana esculenta, 1 drop of 002 grm. per “1 1 ee veratria 


ACTIVE CURVE;| OF DO,  Remargs on Conrracrune. 


: or extent for 2” stimulation. maximum 

"35°C, 17°5 D. V. mm. is 12mm. Lever falls after active contraction 
: to within 5°5 mm. of abscisse. 


The contracture is distinct for 1:25”. Its maximum 


“39°75 is 7mm. Lever falls after active contraction 
to within 3 mm, of abscisse. 
. Thereis no veratria contracture. The lever remains 
*40°5 onabscisse. Lever falls after active contraction 
4°25 mm. below abscisse. 


Fig. VIII. whilst demonstrating the fact of the relaxation of the 


" veratria contracture under elevated temperatures, shows likewise how 


this relaxation is seen occasionally to occur. At room temperature 
there is a well marked veratria curve. There is a considerable rise after 
the muscle has undergone partial relaxation subsequent. to its active 
contraction, but instead of the pen tending simply hyperbolically 
towards the abscisse, we see indications of a waved or sinuous decline. 


A temperature increased through 9°5° i.e. to 30°C, develops this © 


sinuosity much further, and at 35° the waves are even more extensive, 
each summit being somewhat lower than that of its predecessor. ‘There 
is an irregular rhythm of alternating relaxation and contraction here, 
the time between the arrival of the needle at each summit increasing 
as the relaxation of the muscle progresses. We have often seen this 
fibrillation especially as developed by high temperatures herald-the 
rapid reduction of the veratria contracture. The muscle cooled at this 


stage through 23°C. ie. to 12°C. yielded an aca cold curve 
without any indication of veratria contraction. 
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Table VIII. Small Rana temporaria, drop °75 of 002 grm. to 1 c.c. 
injected 60’ previously into dorsal lymph-sac. 


Temp. wl | ‘Remarks on Conrracture. 
| | In 5:5" has fallen to within 1 mm. of abscisse. 
*20°5°C. 10D. V 16°5 mm. The waves have not a greater value than about 
*75 mm. 
In 6:5” has fallen to same extent as at 20°5, bu 
* © veratria curve was up to point distinctly 
D.V greater. Waves reach 2mm. in amplitude in 
some places. 
ave-like xation commences earlier 
_ 385°C. | 10°5D.V 25 mm. in last, Waves at first have amplitude of 
5mm. 
26D. V 8°25 mm. 


*12°C, 


No veratria contracture. 
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_As we have mentioned before, the abolition of the veratria curve by — 
heat may be only temporary, and the curves of lower temperature then 
resume their original characteristics. The contingency of the high 
temperature acting detrimentally upon the muscle so that the curve is 
permanently and extensively impaired before it loses its veratria qualities, 
and the occasional passage into rigor caloris in cases of extensive 
poisoning, beforé the character“of the curve has been materially altered, 
have been considered already, and scarcely call for illustrations. _ 


Resumé. 


1. Heat and cold modify the effect of veratria upon the sane 
curve in the frog. 

2, Up toa certain limit heat increases the effect of veratria. 

3. Cold lessens the effect of veratria. 

4, The extremes both of heat and cold which the muscle can bear, 
lessen the effect of veratria on the curve; sometimes they destroy it 
completely. 

5. The effect of veratria may be permanently destroyed by exposure 
to extremes of heat or cold: sometimes it recurs on the return of the 
- muscle towards medium temperature. 


6. The muscle curve from a brainless frog, cooled artificially and 
then poisoned by veratria, occasionally gives no indications of the action 
of the poison until its temperature is raised. 

Occasionally however the curve is modified to a slight extent by the 
poison before the temperature is raised. 

7. Modifications in the veratria curve by heat and cold are more 
readily induced when the dose of the poison is small, 

8. The extent and duration of contracture in the veratria curve is — 
independent of the height of the primary curve at extremes of tempera- 
ture: they appear occasionally to have some relationship at moderate 
temperatures. 

9. The contracture occasionally appears in the form of a distinct 
contraction separated by an interval from the primary contraction. 

é 10. It may appear in the form of a summation succeeding the 
primary curve at an interval which is on some occasions short, on others 
long. The height of the contracture may exceed that of the primary 


curve. 
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‘ 11. This is especially the case when the temperature is slightly 
raised above the normal. 


12. Distinct and somewhat ivtiieel waves are occasionally 
observed in the descending portion of the curve. 


13. The modifications which heat and cold produce in the action of 
veratria on muscle suggest the probability that temperature modifies 


‘the action of other drugs not only on muscle, but on nerves and nerve- 


centres. The different effects produced by certain drugs in various 
animals or under pathological conditions may be partly due to differences 
normal and pathological i in the temperature of. the ee on which 


they act. 


PH. IV. 2 
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ON CERTAIN CONDITIONS WHICH, INFLUENCE 
THE AMYLOLYTIC ACTION OF SALIVA. By J. N. 
LANGLEY, M.A. Fellow of Trinity College, Cambridge AND 
¥F. EVES, B Sc: Newnham College, Cambridge. 


The Action of Ptyalin in slightly Acid and in slightly Alkaline solutions. 


Various observers have come to the conclusion that human saliva 
converts starch into sugar most actively when the mixture of the two is 
slightly acid. Watson’ found that the addition of one drop of HCl sp. 
gr. 1:16 to 400 grains of saliva increased by about 38 p.c. the amount of 
- sugar formed from starch in a given, not too long, time. According to 
Chittenden and Griswold’ a mixture of 25 c.c. saliva, 25 c.c. starch 4 p.c. 
and 50 c.c. HCl ‘01 will form during 45 minutes warming about 10 p.c. 
more sugar than a similarly treated mixture of 25 c.c. saliva, 25 c.c. 
starch 4 p.c. and 50'c. c, water, whence they conclude that the — 
action of saliva is increased by the presence of ‘005 p.c. HCl. . 

This might seem to prove decisively that ptyalin acts best in a. 
slightly acid solution, but in these experiments one important point has 
been apparently overlooked. No mention is made of the saliva having 
been neutralized before the addition of the acid. Since normal human 
saliva is rather strongly alkaline it is obvious that the addition to it of a 
~ small amount of acid would only neutralize more or less completely the 
alkali, and consequently the only deduction we can fairly draw from such 
experiments is that ptyalin acts better in a solution which is nearly 
neutral than in one which is rather strongly alkaline. As a matter of 
fact we find that neutralized saliva converts starch into sugar 
much more actively than unneutralized saliva. It is of course 
possible that Chittenden and Griswold may have thought it unnecessary 
to mention that the saliva used by them was neutralized, but in that 
case we are unable to confirm their observation for we find that the 
amylolytic action of neutralized saliva is diminished by the presence of 
hydrochloric acid ‘005 p.c. 


1 Watson, Journ. Chem. Soc, (Trans,) p. 589, 1879, 
* Chittenden and Griswold, American Chem. Journ. m1. p. 305, 1881. 
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 AMYLOLYTIC ACTION OF SALIVA. 19 


- Richet’s' statement that saliva mixed with HCl ‘2 p.c. works better 
than saliva alone is opposed to all previous observations, we can only 
_ suppose that he took a large quantity of alkaline saliva and a small 
quantity of the ‘2 p.c. acid, and so obtained a mixture nearly neutral 
instead of one with nearly ‘2 p.c. HCl. 

Astachewsky’s® observations are also sometimes quoted i in favour of 
the view that an acid medium is the most favourable for ptyalin action. 
He found that human parotid saliva was under certain conditions 
slightly acid, and that then its diastatic action was greater than that of 
the alkaline parotid saliva collected at other times. It is obvious that 
this result might be brought about by a greater quantity of ptyalin being 
present in the first case, for we know that the amylolytic power of saliva 
varies at different periods of secretion. It is to be remembered also 
that: Astachewsky pointed out that the acidity of the parotid saliva 
might be due to the presence of an acid carbonate; even if it were 
proved that an acid carbonate favoured the action of ptyalin it would be 
very hazardous to deduce that its action would also be favoured by 
hydrochloric acid. Hence it is quite an open question whether ptyalin 
acts best in a neutral, a faintly acid or a faintly alkaline medium, all 
that we know is that a distinctly acid or a distinctly alkaline medium 
retards its action. 

Before proceeding to consider this question we must call attention 
to a point which it is important to bear in mind in making experiments 
upon the effect. of small amounts of acids on the action of ptyalin. 

It has been shown by several observers and particularly by 
Danilewsky* that various proteids combine with acids and alkalies or 
with one of them, if any of these proteids are present in saliva, a certain 
amount of acid or alkali may be added to it without there being any 
free acid or alkali, in such case we should have ptyalin in the presence 
of acid- or alkali-proteid, not ptyalin in the presence of acid or alkali. 
We have used Danilewsky’s method of detecting free. hydrochloric acid. 
Drops of a saturated solution of tropacolin 00 in 94 p. c. methylated spirit 
are allowed to dry on a porcelain slab at 40°C. The slab ‘is kept at 40°C. 
and a drop of the fluid to be tested is placed on the tropaeolin, if free- 
hydrochloric acid is present a violet spot is left when the fluid has 
evaporated. A drop of HCl 006 p.c. leaves thus a distinct violet mark. 


1 Richet. Journ. de l’Anat. et de la Physiol. xrv. p. 285, 1878. 
® Astachewsky, Centr. f, d. med. Wissensch. p. 257, 1878. 

3 Danilewsky, Centralb. f. d. med. Wissensch. 1880, cf. also Szabo, Maly’ s Jahresb. vit. 
p- 267, 1877, v. d. Velden, Maly's Jahresb. x. p. 305, 1880, 
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If a little neutralized saliva be taken, and dilute hydrochloric acid be 


added from a burette, we find that considerably more than °006 p.c. of 


the acid must be added before a drop of the mixture will give a violet. 


tint with tropaeolin 00. When the reaction first occurs we consider that 
there is ‘006 p.c. free HCl, deducting this from the amount of HCl 
added we get the amount of the acid which has combined with the 
proteids in the saliva. Naturally the amount of acid so taken up varies 
considerably in saliva collected at different times, as a mean of our 
- experiments we found that 5 c.c. of filtered neutralized saliva contained 
proteids capable of combining with 2 c.c. of HCl ‘1 p.c. <A larger 
number of observations might however bring out an amount of 
hydrochloric acid considerably greater or less than this. For we have 
only determined the amount of proteids capable of combining with acid 
when we considered it necessary for any particular experiment. Since 
then saliva contains proteids capable of combining with hydrochloric 
acid, we cannot determine satisfactorily the effect of free hydrochloric 
acid on ptyalin in solutions in which proteids are present in any appreci- 
able quantity. 

We have tried to avoid this difficulty by diluting the saliva or 
ptyalin-containing extract; in the diluted solution the percentage of 
proteid is so small that it can only take up a very small percentage of 
acid. 


In testing the rate of action of ptyalin we observed the rate of 2 


disappearance of starch and dextrin. In experiments made in this way 
we find that ‘0015 p.c. HCl’ distinctly diminishes the amylolytic 
action of ptyalin; this is the case with the ptyalin of man, rabbit, rat, 
and guinea-pig and probably with all mammals; the retarding effect 
increases rapidly with increase in the percentage of hydrochloric acid ; 
in 005 p.c. HCl the ptyalin action can barely or can not be detected at 
a time when a similar ptyalin solution without the acid would have 
finished its action. 

Sodium carbonate (Na, CO,)* 0015 p.c. also causes a retardation in 
the action of ptyalin. Hammarsten and Schiff have shown that sodium 


1 It seems not impossible that some observers have considered the retarding action of 
hydrochloric acid to be weaker than it really is in part because they have taken the ‘pure 
hydrochloric acid’ of commerce as being all hydrochloric acid whilst in fact it contains 
about 83 p.c. It is almost unnecessary to say that in order to observe at all accurately the 
effect of small amounts of hydrochloric acid on ptyalin, we must know accurately the 
percentage of acid present in the solution used, this can only be obtained by taking the 
sp. gr. of the hydrochloric acid from which the dilute solution is prepared. 

2 We have used the pure anhydrous sodium carbonate. 
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- hydrate produces an injurious effect on the action of saliva, its effect is 
indeed distinctly more injurious than that of sodium carbonate. 
Chittenden and Griswold also found that the amylolytic action of saliva 
was somewhat diminished by sodium carbonate ‘though not materially 
further affected by- an increased percentage of alkali.’ We find that 
the amylolytic action becomes less the more alkaline salt 
there is in the solution, the rate of decrease is however. slow 
compared with that which occurs when hydrochloric acid is added 1 in 
similar increasing quantities. 

Since then saliva of man and the ptyalin extracts of certain other 
mammals when filtered, neutralized and diluted, converts starch into 
dextrin and sugar more rapidly than the same saliva or extract in the 
presence of either ‘0015 p.c. HCl or 0015 p.c, Na, CO,, it seems fait to 
conclude that ptyalin acts best in a neutral solution, we have however 
often found that solutions which we have thought carefully neutralized 
have been increased in action by the presence of still smaller percentages 
of acid, viz. ‘0005 to ‘001 p.c. 

Since ‘0015 p.c. HCl decreases amylolytic action it seems very 
unlikely that 0005 p.c. should increase it; the observed result may be 
caused by the presence of a small quantity of proteid, but since we 
have not as yet been able to prove that this is or is not the case, we 
must leave it for the present undecided. 

_ Although saliva neutralized to litmus sometimes shows an increase 
of action on the addition of ‘0005 to ‘001 p.c. HCl; yet if the proteids 
of the saliva be saturated with acid there is a diminution of its amylo- 
lytic action although no free acid is present in the saliva. This 
diminution is made more marked hy the addition of the smallest 
quantity of hydrochloric acid. 


_ Destruction of ptyalin by HCl and by Na, CO,. 

It has been previously shown by one of us‘ that rabbit's ptyalin is 
rapidly destroyed by ‘014 p.c. HCl. Chittenden and Ely* however state 
that the ptyalin of human saliva will endure a much higher percentage — 
of acid without injury; according to them saliva may be warmed in 
‘025 p.c. HCl for three quarters of an hour without any ptyalin being 
destroyed. Since Chittenden and Ely apparently used unneutralized 
saliva and took no account of the proteids present it seems to us 

1 Langley, Jour. of Physiol. m1. p, 246, 1882. 


* Chittenden and Ely, American Chem. Jour. tv, 1882 and Jour. of Physiol. 11. p, 
327, 1882, 


A 
{ 
Ass 
¥ 
J 
4 
q 
3 
+ 
4 
os 
a 
+ 
4 
| 
4 
3 
AS 
4 
x 
a 
is 
q 
+5 
aa 
‘ 


22 J. N. LANGLEY AND F. EVES. 


probable that not only was there no free hydrochloric acid in their 
experiments but that even the proteids were not saturated with acid. 
But whatever may be the explanation of their results we cannot 
agree with their conclusion that the ptyalin of human saliva is not 
destroyed by weak hydrochloric acid. When saliva is neutralized and 
then diluted to prevent any considerable part of the acid added being 
taken up by the proteids we find that 005 p.c. HCl produces a very 
obvious destructive effect on ptyalin. The following experiment 
will illustrate this point and show the method employed. 7 


EXPERIMENT I. 
Destruction of Ptyalin in diluted Saliva by dilute Hydrochloric Acid. 


Fresh Saliva filtered and neutralized, then diluted 10 times. 
Take | 


Diluted 
Saliva. Water. p.c. 
5404+ 
= 001 pc HCl. 
3) = 002 pc HCL 
4) = 003 p.c. HCL 
5) = 004p.¢ HCL. 
6) 5eae + 5c.c. = 005 p.c. HCL 


In preparing these the 5 c.c. of saliva is measured into six test-tubes 
1,, 2,, ete., and the amounts of water and hydrochloric acid under (8) measured 
into six other test-tubes lg, 2g, etc., then the fluids of 1, and 1, and of 2,, 
2, are mixed, shaken and the test-tubes with the mixtures placed in a warm 
bath at 39°C. . 

Neutralizing and equalizing fluids are prepared thus : 

Take 


HC10°01 p.c. Water. Na,Co,0-02p.c. Na,Co,0°1 p.c. 
ly + + + Ideac 
2’ + + + 
3cc + + + Idec. 
4’ + + + 
lee + 45ec + + Lldce. 
6)’ + 8ac + 


It will be seen that when equal quantities of. (1), (2), (3), ete., are added 
to the same quantities of (1)’, (2)’, (3)', etc., respectively, the mixtures will 
contain the same amount of saliva and the same amount of sodium chloride ; 
they will moreover be neutral since the amount of alkaline salt added is such 
as by experiment is found to neutralize the hydrochloric acid added ; the only 
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‘difference between the mixtures is that in (1) the saliva has been warmed 


with water, in (2) to (6) the saliva has been warmed with hydrochloric acid 


—°001 to 005 p. c. 


In this experiment half of (1) to (6) after 30 minutes’ warming, was 
added to half of (1)’ to (6)’ respectively, and the remaining 5 c.c. of each 
mixed after 60 minutes’ warming. We give the details of the latter set. 
To each, 5 c.c, of 3 p.c. starch was added, the mixtures shaken and placed- 
at 39°C., from time to time a drop was taken from each and added to a drop 
of iodine, to test whether the starch was converted into dextrin or sugar. 


5° 10’ 30’ 
violet red brown ma? 
bluer than 1 | violet colourless 
bluer than 2 | violet 
blue blue violet | light brown | colourless 
blue bluer than 4 | darker than 4 _| colourless 
blue bluer than 5 | darker than 5 colourless 


From the above it is seen that the diluted saliva warmed with water 
for an hour converts the whole of the starch into sugar (or achroodextrin) 
in less than 25 minutes, whilst the same amount of saliva warmed with 
hydrochloric acid 0°005 p.c. takes 43 minutes to convert the starch into 
sugar, it is moreover seen that even hydrochloric acid of 0°001 p.c. 
destroys some ferment in an hour's warming. Since even the diluted 
saliva contains proteids capable of combining with a certain amount of 
acid, the acid added in the experiment cannot be considered to be all 
free acid. 

Sodium carbonate on the other ‘ad has a very slight 
destructive action on ptyalin, its retarding pow is out of all 
proportion to its power of destruction. 


Effect of Proteids on the action of Ptyalm. 

Falk’ has shown that whilst 0065 p.c. HCl retards the amylolytic 
action of saliva,.the same percentage of acid in the presence of peptone 
retards this action very slightly. He considered this to be a point in 
favour of the view that peptone combines with acid. 

Chittenden and Ely* independently observed the same fact but 
attributed the action, not to a diminution in the amount of free acid, - 
but to a direct stimulating effect of the peptone on the ptyalin action. 

They found also that the action of saliva on starch was increased by 
the presence of peptone, and further that this increase was greater when 
in addition to the peptone 025 p.c. HCl was present. 


1 Falk, Virchow’s Archiv, txxxiv. p. 119, 1881. 
2 Chittenden and Ely, op. cit. 
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The last of these statements we are unable to confirm, for we find 
that neutralized saliva converts starch into sugar more quickly 
in the presence of neutral peptone than in the presence of 
_ peptone plus acid ‘002 p.c. and upwards. 

With regard to the effect of peptone on the amylolytic action of 
saliva their observations are unfortunately made doubtful by the absence - 
of information as to whether the saliva was neutralized or not. They 
themselves have pointed out that the retarding influence of sodium carbo- 
nate on amylolytic action is largely prevented by peptone, it follows that 
peptone might increase the action of unneutralized saliva by simply pre- 
venting the alkaline salts of the saliva from exercising their retarding 
action. 

If we take saliva as nearly as possible neutral to litmus we find that 

the addition of neutral peptone does distinctly increase the rate at which _ 
the saliva is able to convert starch into sugar. Since however the 
litmus which we have will not detect less than ‘001 p.c. acid or alkali, 
there may be in the neutralized fluid an excess of acid or alkali to this 
extent, and if as may well be the case ptyalin acts best in a neutral 
solution, the effect of the peptone might be due to its putting hors de 
combat the slight excess of acid or alkali which remains on apparent 
neutralization, But we find that when neutralized saliva is diluted a 
hundred times peptone is still able to increase the rate at which it 
converts starch into sugar, it seems unlikely that the exceeding small 
percentage of acid or alkali which may be present can exert any 
retarding influence. So far the proof is rather in favour of Chittenden 
and Ely’s view that peptone directly increases the amylolytic action of 
ptyalin, although it cannot we think be regarded as conclusive; there 
are moreover other points which rather tell against this view. 
_ The maximum effect is reached with a rather low percentage of 
peptone, with saliva ten times diluted the maximum effect is produced by 
about ‘1 p.c. peptone. Chittenden and Ely apparently did not try less 
peptone than 1 p.c. but they found that 2 p.c. was not more effective 
than 1 p.c. Further in acid solutions containing not too small a per- 
centage of acid, the greater the amount of peptone the more nearly the 
normal activity is reached, so that in solutions at all strongly acid, 
peptone acts in the main at any rate by combining with the acid and 
not by stimulating the ptyalin activity. 

We have said that neutral peptone is more effective than acid 
peptone, but the addition of a small quantity of acid diminishes its 
effect to a small extent only, to saliva diluted 10 to 20 times, 
HCl 0075 p.c. may be added, provided | p.c. peptone is present, 
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and yet its action on starch be about equal to that of the saliva 

without peptone or acid, that is the presence of 1 p.c. peptone which 
_has combined with ‘75 p.c. HCl has little or no effect on the ptyalin action. 
The more nearly the amount of acid combined with the 
peptone approaches the saturation point the greater is its 
retarding action and with even a 1 p.c. solution of peptone, the 
ptyalin action is completely stopped before the saturation 
point is reached, naturally with a 10 p.c. solution of peptone the 
ptyalin action is stopped when the peptone is still further from its 
saturation point, naturally also with acid peptone of any given degree of 
saturation, the retarding effect is greater, the higher the percentage is 
of the acid peptone present. 

Paschutin’ in 1871 observed that a percentage of hydrochloric acid 
which retarded the action of neutralized saliva on starch retarded its 
action more and more as it was more and more diluted and completely 
stopped the action of the saliva when it was sufficiently diluted. He 
considered that this was due to the ptyalin being more readily affected 
in a dilute solution, probably however the explanation is that in the 
undiluted saliva the proteids were not saturated with acid, whilst in the 
diluted saliva they were more and more saturated until finally free acid 
was present. We have seen that under such conditions the amylolytic 
action becomes slower and slower until it finally ceases. 

When a ptyalin solution is warmed with peptone at all 
strongly acid a destruction of ptyalin takes place, the rate of 
destruction depends upon the degree of saturation of the 
peptone and on the percentage of it present. It need hardly be 
said that ptyalin is destroyed by acid combined with peptone much 
more slowly than by the same ‘percentage of acid alone. When the 
acid-peptone is far removed from saturation point little if any destruction 
takes place in an hour’s warming. That with peptone saturated with 
acid the destruction is apes considerable may be seen from the 
experiment. 


IL 
Destruction of Ptyalin by Peptone saturated with Acid, no free Acid being present. 


Make a 10 p.c. aqueous solution of purified peptone ; solution is acid to 
litmus, 5 c. c, takes 1:4 c.c. Na,CO, 0-2 p.c. to neutralize it. 


1 Paschutin, Arch, f. Anat. u. Physiol. p. 367. 
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Filter fresh saliva, is alkaline to litmus; 5 c.c, takes 1:1 ¢c, HCl . 
0-05 p. c. to neutralize it’. 

Neutralize rest of peptone and saliva, thus 6 4 c.c, of the neutralized 
peptone contains 5 c.c, 10 p.c. peptone, and 6:1 c.c. of the neutralized 
saliva contains 5 c. c. saliva. 

Take c. c, neut. +61 c.¢. saliva, add HOl 1} p.c. drop by 
drop until the mixture gives a violet reaction with tropaeolin 00; when 
2°8 c.c. of HCl 1 p.c. has been added, it first gives a violet sloar with 
tropaeolin 00, hence there, is 0- 006 p.c. free acid in the mixture, i.e. the 
mixture contains 15:3 HCl 0-006 p.c. or 0918 cc. HCl 1 pc, 
deducting this from the acid added, we see that 2°7082 c.c. HCl 1 p.c. are 
required to saturate the proteids in the mixture of peptone and saliva, in | 
other words 6°4 c.c. neutralized peptone + 6°1 c.c. neutralized saliva + 


27 c.c, HCl 1 p.c.+08¢.c. HCl 0-01 p.c. contain no free acid, a drop of 
this mixture gives no violet tint with a drop of tropaeolin 00. 
Glace + 139ac + 


(3 


2?) Glaa+4 cea+ G4eac. + O8c.c. 
c 


4 + 
Glec +35 G4ee + 32ac + 


| Each now consists of 20 c. c. each contains 5 c. c. of saliva. 
| é (2) contains also 5 c. c. 10 p. c. peptone just saturated with acid. 

(3) contains peptone like (2) but has also about -025 p. c. free acid. 

The mixtures are prepared in the manner given in the previous 
experiment. 
= When they have stayed in the warm bath 30 minutes 5c. c. are taken 
er from each and added to 5 o. c. of the neutralizing and ‘equalizing’ fluid given — 


_ below, successive 5 cc, from each are taken and similarly treated after 
having been in the warm bath 60 minutes, 90 minutes, 120 minutes respec- 
tively. 

The neutralizing and ‘ equalizing’ fluids are thus prepared : | 

Na,Co,1p.c. Water. HCt1p.c. HOl-Olp.c. Neut. peptone. 

(ly 45 + + 4lec + 32e¢c + Baca + G4 ec. 

2)’ 450c + + l44e0+ See 

. We will here only give the details of the observation made after (1), (2), 
| (3) had been warmed 60 minutes. 
| 5 c.c, are taken from each and added to 5 c. c. of (1)’, (2)’, (3)’, respec- 
| tively, they are all neutral and the only difference between them is that in 


1 Frequently a considerably greater amount of Na, Co, than this is required. 
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_ (1) the saliva has been warmed with water, in (2) the saliva has been warmed 

with the peptone saturated with acid, in (3) it has been warmed with saturated 

acid-peptone and 025 p. c. free hydrochloric acid. To each is added 10 c¢. c, 

of 1 p.c. starch, the mixtures shaken and placed at 38°C. The rate of 

conversion of starch to sugar is tested by taking a drop from time to time 
from each and adding it to a drop of iodine. 


9’ 
1). colourless 
(2) blue brown-violet 
ts} blue violet 


ie. in the mixture containing saliva warmed with water no trace of 
starch or dextrin is found after two minutes, whilst in the mixture containing 
saliva warmed with acid-peptone both dextrin and starch are found after 
seventy-two minutes. 

In (3) the conversion of starch to sugar although very slow, is not so slow 
as we should expect from the united destructive efforts of -025 p.c. acid and 
_acid-peptone, possibly the acid-peptone prevents the free acid from exercising 
its full effect, probably the peptone was not completely saturated and 
combined with a greater or less amount of the supposed free acid. 


As Chittenden and Ely have pointed out peptone prevents to a very 
large extent, sodium carbonate from exercising its retarding action ; 
in this case the favourable influence of peptone makes itself felt with 
very high percentages of the alkaline salt. Here the peptone can hardly 
be effective simply in consequence of its combining with the salt, it may 
perhaps be doubted whether it is capable of doing so at all. 

The action of peptone described above is possessed by 
several possibly by all proteids; myosin, alkali-albumin, and 
acid-albumin act like peptone. Albumin and globulin we have not 
yet obtained in a pure enough state to make satisfactory experiments 
with; white of egg and serum of blood have however the same 
influence on ptyalin action as peptone and, as far as our experiments 
go, to an equal degree. Whether albumin which according to Dani- 
lewsky does not combine with acids has any effect on ptyalin action we 
must leave for later experiments to decide. 

It has been previously contended by one of us’ that all ptyalin 
is destroyed in the stomach, that in such animals as the rabbit in» 
which the stomach always contains acid fluid the conversion of starch 
into sugar must cease almost as soon as it enters the stomach, and that 
in man the conversion of starch into sugar in the stomach must be 
confined to the early stage when no free hydrochloric acid is present. 

These conclusions are we think in the main confirmed by the 

4 Langley, Journ, of Physiol. m1. p. 246, 1882. 
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observations of which we have here given ‘an account, certain of the 
proteids of the food do probably for a time protect the ptyalin in the 
stomach by combining with the hydrochloric acid as it is secreted, but 
in no very great while these must be saturated and free acid be present, 
and as soon as free acid is present a rapid destruction of ptyalin takes 
place; that free acid is present in the stomach is shown by testing its 
contents with tropaeolin 00. To this destructive action must be added 
that effected by the proteids which are saturated with acid. Hence we 
think that there can be little doubt that all the ptyalin of saliva is 
destroyed in the stomach. 
_ Those who have made observations on the first stage of digestion i in 
man, in which stage there is no free acid in the stomach, have usually 
assumed that during the whole of this time the conversion of starch into 
sugar can go on. This is clearly not necessarily the case, since as we 
have seen acid-proteids stop the amylolytic action of ptyalin before they 
are saturated with acid; there is probably no conversion of starch into — 
sugar for some little time preceding the appearance of free acid. Still 
it is probable that for fifteen to thirty minutes after taking food an active 
digestion of starch goes on; during this time a very considerable forma- 
tion of sugar may take place since the action of ptyalin is very rapid’. 
The conclusion mentioned above that in the rabbit practically no 
- amylolytic action takes place in the stomach was based upon the 
observation that at all times the contents of the stomach are strongly 
acid. In view.of the power of proteids to combine with acids this 
conclusion is not satisfactory, it may be the case that the acid reaction 
shown by the contents of the stomach of the rabbit in hunger is caused 
_ by combined and not by free acid, so that provided the proteids are not 
too near saturation point amylolytic action may for a time go on.’ 
During the first stage of digestion when there is no free hydrochloric 
acid, we are naturally led to ask whether there is any conversion of 
proteid to peptone. If we add fibrin to an acid peptone solution 
containing pepsin, we find that the digestion is very slow unless free 
acid be present; when free acid is present the rate does not appear to 
be very different from the rate of digestion in the same amount of pepsin 
and free acid without the acid peptone. That peptone retards peptic 
digestion has long been known, its prejudicial effect. apparently depends 
upon its combining with the acid. We gather that in the stomach the 
presence of proteids does not enable an active — and proteolytic 
action to go on at the same time. 


1 Compare Chittenden and Ely, oP. cit. 
Nov. 11, 1882. 
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A FURTHER CONTRIBUTION REGARDING THE IN- 
FLUENCE OF THE DIFFERENT CONSTITUENTS 
OF THE BLOOD ON THE CONTRACTION OF 
THE HEART. By SYDNEY RINGER, MD., Professor 
of Medicine at University College, London. (Plate I.) 


AFTER the publication of a paper in the JoURNAL oF PHysIoLoey, 
Vol. III., No. 5, entitled “Concerning the influence exerted by each of 
the Constituents of the Blood on the Contraction of the Ventricle,” I 
discovered, that the saline solution which I had used had not been 
prepared with distilled water, but with pipe water supplied by the New 
River Water Company. As this water contains minute traces of 
various inorganic substances, I at once tested the action of saline 
solution made with distilled water and I found that I did not get the 
effects described in the paper referred to. It is obvious therefore that 
the effects I had obtained are due to some of the 1 inorganic constituents 
of the pipe water. 

Water supplied by the New River Water Company contains 278°6 
parts of solids per million. 


They consist of : 
| Calcium 38:3 per million. 
Magnesium | 4°5 
Sodium | 23'3 
Potassium 71 
Combined Carbonic Acid 78'2 
Sulphuric Acid 558 
Chlorine 15 
Silicates 71 ” 
Free Carbonic Acid 542 


This water is faintly alkaline to test-paper from bicarbonate of lime. 
Saline made with this water I found at first rounds the top of the trace 
of each contraction and later greatly prolongs diastolic dilatation, and 
that these effects are completely obviated by about 1 c. c. of 1 °/, solution 
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30 S: RINGER. 
of potassium chloride solution to the 100 c.c. of circulating saline. So 


_ that with this addition the saline thus made forms an excellent artificial 


circulating fluid for the heart, as in some experiments I found the 
ventricle fed by this mixture would continue beating well for more than 
four hours, indeed at the end of that time the contractions were almost 
as good as at the eommencement of the experiment, when the ventricle 
was fed with blood mixture. 

In this paper I have investigated the action, on the contraction of 
the ventricle, of calcium and sodium salts when added to saline 
solution. 

The saline solution contained 0°75 ‘lo of sodium chloride. 

The lime water I used was prepared from calcined marble and 
from an analysis by Mr Lawes contained 1 part of CaO in 700 parts of 
water or 1 part of Ca in 980 parts. - 

Mr Page kindly prepared some bicarbonate of lime, by diluting lime 
water with an equal quantity of distilled water and passing carbonic 
acid through this till the precipitate was completely dissolved, this 
solution therefore contained half as much lime as lime water. | 

I used “ pure anhydrous” calcium chloride prepared by Hopkins and 
Williams, My solution contained 1 part of calcium chloride in 390 
parts of water or 1 part of Ca in 1082, 

I used a 1 °/, solution of potassium chloride. The salt was obtained 
of Morson. 

The sodium carbonate and the sodium ee er each contained 
one half per cent. of the salt. The sodium bicarbonate was pure and 
obtained of Hopkins and Williams. 

The distilled water was prepared by Hopkins and Williams. 

The distilled water, the saline solution made from it, the calcium 
chloride solution and the potassium chloride solution were all neutral to 
delicate test-paper. 

The contractions marked in the figures with an asterisk were excited 
by a break induction shock. Those without the asterisk were sponta- 
neous beats. 

These observations were made in October and November. 

The traces run from left to right. 

These observations were made with Roy's tonometer, and the 
ventricle was tied on the cannula, as nearly as possible in the auriculo- 
ventricular groove. 

I find that calcium, in the form of lime water, or bicarbonate of lime 
or chloride of calcium, even in minute doses produces the changes in the 
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ventricular beat described in my former paper. Each of these at first 
rounds the top, and also broadens the trace of the beat; next it: treatly 
prolongs diastolic dilatation. 

Cold greatly favours the action of calcium salts as is well seen by 
comparing Fig. I. when the temperature was low with Fig. X. 

As this slow diastolic dilatation occurs with calcium chloride solution 
added to saline solution, both neutral solutions, it is obvious that lime 
possesses the property of retarding dilatation, and that in the-case of 
bicarbonate of lime, the prolongation is not due to alkalinity. The effects 
produced by lime salts on dilatation, and even the persistent spasm induced 
by the alkaline preparations, are completely removed by a minute trace 
of a potassium salt, 1 in 10,000 to 15,000. 

A small quantity of calcium bicarbonate or calcium chloride (of 
chloride 1 in 19,500 parts), added to saline solution with 1 part of | 
potassium chloride in 10,000 parts, makes a good artificial circulating 
fluid and the ventricle will continue beating perfectly for more than 
four hours, with calcium bicarbonate. 

The solution composed of saline solution, with calcium chloride and 
potassium chloride is neutral, hence the ventricle will beat perfectly 
when supplied with a neutral fluid, and therefore alkalinity of the 
circulating fluid is not necessary for contractility. 

The alkaline reaction of the blood is no doubt necessary indirectly, 
for contractility, for muscular contractions develope acidity and this 
must give an acid reaction to a neutral fluid, and the heart cannot 
contract when supplied with an acid circulating fluid. 

When the circulating fluid is composed of saline solution the 
ventricle grows weaker and weaker and contractility ceases in about 
twenty minutes. Calcium bicarbonate, or calcium chloride in physiolo- 
gical doses, or even in smaller quantities than are present in the blood, 
restore good contractions, even when contractility has been lost for 
seven or eight minutes, and the ventricle no longer responds to strong 
induction shocks. 

_ Sodium bicarbonate added to saline broadens the beat and rounds 
its summit and slightly prolongs both contraction and dilatation. 
Owing to the increased breadth of the beat, if the contractions are 
frequent, there occurs partial fusion of the beats. Sodium bicarbonate 
‘also induces some persistent spasm (contracture) if the contractions are 
frequent. .. 

All of these effects of sodium bicarbonate are obviated by a 
physiological quantity of potassium chloride. 
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When a ventricle supplied with saline has lost its contractility, it 
can be restored for a short time by adding to the 100 c.c. of saline 
solution 5 c.c. of sodium bicarbonate solution. 

On the addition of the potassium chloride solution the effects of the 
sodium bicarbonate are removed but the contractions quickly grow . 
weak and soon stop; and I have not been able to discover 4 mixtu 


consisting of saline solution, sodium bicarbonate solution and potassium =< 


solution, which will keep the ventricle beating for more than a short 
time, although I have mixed these solutions in very various proportions. 

Calcium chloride solution added to the saline, sodium bicarbonate 
and potassium chloride solution, after the ventricle has lost contracti- 
lity, restores good spontaneous beats which will continue for a long 
time. 

A mixture containing 100 c.c. saline, 5 c.c. sodium bicarbonate 
solution, 5 c.c. calcium chloride solution with 1 c.c, potassium chloride 
solution also makes an excellent artificial circulating fluid, for with this 
mixture the heart will continue to beat perfectly. - 

The heart’s contractility cannot be sustained by saline solution nor 
by saline containing potassium chloride, nor with saline solution 
containing bicarbonate of soda, nor by saline solution containing 
bicarbonate of soda and potassium chloride; but after contractility 
has ceased, the addition of a lime salt will restore good contractility. 
The addition too of a calcium salt to any of the above solutions 
will sustain contractility. I conclude therefore that a lime salt is 
necessary for the maintenance of muscular contractility. 

But whilst calcium salts are necessary for the proper contraction of 
the heart, yet if unantagonized by potassium salts the beats would 
become so broad and the diastolic dilatation so prolonged that much 
fusion of the beats would occur and the ventricle would be thrown into 
a state of tetanus. 

As the ventricle will continue to beat perfectly for hours without 
any sodium bicarbonate, it is evident that the normal trace is the 
result of the antagonizing action of calcium and potassium salts. 

_ If these two salts are not present in the correct proportions then the 
trace becomes abnormal. If too little potassium is present, the contrac- 
tions become broader &c. and there results fusion of the beats. If too 

much potassium is present, or too little lime salts, then the contraction 
of the ventricle is imperfect, and by increasing the quantity of potassium 
salt the beat becomes weaker and weaker till it stops. 

_ As the heart will continue to beat quite normally for hours without 
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‘albumen or hemoglobin, it is obvious that these substances are not 


immediately necessary for contraction, but of course they are necessary 


to reconstruct the tissues from the loss due tocontractions = = fe 


The aatsan of sumple saline on the ventricle. 


* Saline | is, incapable. of. sustaining the contractions of the heart, for | 
when blood mixture is replaced by saline, the contractions speedily grow _ 


weaker, in some cases contractility ceases altogether, for no contrac- 
excited by even a strong break induction shock. In most 


eon with the blood mixture, see Fig. I A and B. Soon the contrac- 


tions agaili: grow weaker (see C and D), and in about twenty minutes _ 


contractility is lost, for the ventricle neither beats spontaneously nor will 
respond to strong induction shocks. After the contraction is considerably 
weakened the end of the diastole is a little prolonged (see C), and when 
the contraction is still further weakened both contraction and dilatation 
are slightly prolonged (see D), this prolongation being still more marked 
in cold weather. 

Lime water added to saline at first broadens the trace of each 
contraction and rounds its top, next it excites slight contracture, later 
the dilatation becomes prolonged. These effects are well seen in Fig. II, 
in which experiment 0°5 of lime water was added to 100 c.c. of saline. 
As with saline alone, the strength of the contractions rapidly decreased, 
but. they soon recovered much more rapidly than with saline alone 


(Fig II A). In about eight minutes the trace became broader and 


rounder at its top and there occurred a little contracture, see B. Twenty- 
four’ minutes after the employment of the saline and lime solution the 
dilatation of the ventricle became much prolonged and was especially 
slow at its middle third (see C). 0° c.c of 1°/, solution of chloride of 
potassium, rapidly affected the diastole, rendering it as rapid as with 


_ blood mixture, and also removed the contracture (see C). 


Larger doses of lime water prevent the fall in the trace oceurring 
soon after replacing blood mixture by saline solution, but these larger 
doses subsequently produce a considerable amount of contracture. 

On substituting saline solution for blood mixture, the contractions 
rapidly weaken and often do not recover or only partially recover and 
then again grow weak and soon contractility ceases. If when the 
ventricle has become weak or its contractility has ceased, a small dose 
of lime water is added to the circulating fluid contraction soon recom- 
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mences or becomes stronger, as is well seen in Fig. III B where the con- 
tractions rapidly increased in height after the addition of 1'1 c.c. of 
lime water to 200 c.c. of saline. | 

The effect of lime on the diastole is often earliest witnessed at the 
end of the dilatation as is well seen in Fig, IV and Fig. V. 

Bicarbonate of lime also greatly retards the dilatation of the ventricle. 
I first took a blood trace and then substituted for the blood mixture 
200 c.c. of saline solution containing 20 c.c, of bicarbonate of lime 
solution. There occurred none of that weakening of the contractions 

“which always ensues with-saline solution alone. In about nine minutes 
after replacing the blood mixture by-the saline and lime mixture the — 
dilatation became greatly delayed (Fig. VI). About fifteen minutes after | 
the employment of the saline and carbonate of lime solution, I added to 

~ 100 c.c¢. seven minims of 1°/, solution of potassium chloride. This soon 
quickened diastolic dilatation, but as it still remained somewhat pro- 
longed at its termination, I added another three minims of potassium 
chloride solution and entirely removed the effect of lime on the dilatation, 
the trace becoming just like that with blood mixture (see Fig. VI). 

I find that from 7°5 c.c. to 10 c.c. of bicarbonate of lime solution _ 
to the 100 c.c. saline will prevent the weakening of the contraction 
occurring when saline solution is alone used. 

Is this effect on rhythmic dilatation due to the alkalinity of the 
calcium hydrate and the calcium bicarbonate or is it due to a property of 

lime salts? To answer this question I made two sets of experiment. I 
tested the action of calcium chloride, a neutral preparation of lime, and 
also the effect of other alkaline salts, as sodium carbonate and bicarbo- 
nate. I find that calcium chloride prolongs the dilatation of the 
ventricle and broadens the trace, rounding its top, but it does not excite 
any contracture in the small doses I used. To affect the ventricle it 
must be used in doses considerably larger than lime water. This result 
is well shown in Fig. VII. I replaced the circulating blood by a mixture 
containing 100 saline with 3°5 c.c. of calcium chloride solution. The 
contractions quickly grew weaker but very speedily recovered, so that in 
about four minutes after the employment of saline and calcium chloride 
solution the ventricle had recovered. In twenty-four minutes after 
replacing the blood, the dilatation of the ventricle became prolonged 
and this prolongation was still more marked eight minutes later. This 
prolongation was speedily removed by adding to the 100 c.c. circulating 
fluid 0°33 c.c. of 1°/, solution of potassium chloride. 

Like calcium hydrate, calcium. chloride strengthens the beats 
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_ weakened or arrested by simple saline solution. This is well seen in 
_ Fig. VIII. I first took a trace with blood mixture (A) and then replaced 
the blood by saline solution. The contractions rapidly grew weak and 
almost stopped. They then improved somewhat. In eight minutes | 
after the substitution of saline solution I added to 100 c.c. saline 3°5 c.c. 
of calcium chloride solution. This rapidly — the strength of the 
beats (B). 

It is obvious therefore that the slow dilatation, al the improvement 
of contractions caused by lime salts when added to saline solution are 
not the result of alkalinity, but these effects are due to lime, for the 
calcium chloride is neutral. 

The previous experiments show that calcium oxide, or calcium 
bicarbonate, or calcium chloride, added to saline solution, prevent the 
weakening and arrest of the ventricle which occurs with saline solution 
alone. 

They also show that after a ventricle fed with saline solution has 
‘become very weak or has stopped, a calcium salt will restore good 
contractions. 

But with calcium salts added to saline the trace of a contraction 
becomes broader, its summit rounded, and the dilatation is much 
delayed. All these effects are speedily removed by a — 
quantity of potassium chloride or any potash salt. 

I next tried the effect on the trace of substituting for blood mixture 
saline solution containing a calcium salt and potassium chloride. 

I first employed the following mixture, 200 c.c. saline solution 
containing 20 c.c. calcium bicarbonate solution and 1°5 ¢.c. potassium 
chloride solution. On substituting this mixture for blood mixture the 
beats for a short time grew weaker, but soon recovered and became 
stronger than with blood mixture. No prolongation of diastolic 
dilatation occurred, this being obviated by the potassium chloride. 
The ventricle continued beating perfectly for fifty-six minutes, when I 
was obliged to discontinue the experiment, see Fig. IX. 

I next tested the effect of a mixture composed of 100 c.c. saline, 
5 c.c. calcium chloride solution, 0°75 c.c. potassium chloride solution. 
I first took a trace with blood mixture and then replaced the blood with 
the above mixture. 

The contractions were very little weakened and soon recovered and 
remained unchanged, no prolongation of the diastole occurring. An 
hour after the replacement of blood by the saline, lime, and potash 
‘mixture the ventricle beat spontancously, the beats being quite as 
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good as at the commencement of the experiment with blood. See 
Fig. X. 

This aolution was quite neutral to test-paper, hence it is evident that 
it is not necessary for the proper contraction of the ventricle that the 
circulating fluid should be alkaline. 

With saline containing a calcium salt after ‘the diastole becomes 
retarded the contraction grows weaker, but potassium chloride not only 
prevents the delay in dilatation but also the weakening of the con- 
tractions. 

I next investigated whether any other salts added to saline hase 
sustain the contraction of the ventricle. 

I tested saline to which I added potassium chloride, 200 c.c. Stine 
with 1°5 c.c. of potassium chloride 1°/, solution. As with simple saline 
the contractions grew weak and then slowly recovered to a considerable 
extent, and then again grew weak, and in fifteen minutes after replacing 
the blood mixture with saline and potassium chloride solution the 
ventricle almost stopped, the trace becoming a mere wavy line. Potas- 
sium chloride added to saline tlferefore does not prevent the ventricle 
losing its contractibility. After the ventricle had almost completely lost 
its contractility I added to 100 ¢, c. of the circulating fluid 5 c. c. of the 


calcium chloride solution and very speedily spontaneous contractions 


began which quickly increased in strength. 

I next tested the action of sodium carbonate. I employed a 0°5°/, 
solution, This acts much like sodium hydrate, It rounds the top of 
the trace, produces persistent spasm and arrests the ventricle in systole. 
A small dose of potassium chloride, 0°5 ¢.c. of 1°/, solution antagonizes 
the effect of sodium carbonate. 

I then tested the influence of sodium bicarbonate added to saline 
solution. | 

In these experiments I employed 2°5 ¢.c. of $°/, solution of scdium 
bicarbonate in 100 c. c. of saline. 

The influence of sodium bicarbonate varies according to the frequency 
of the contractions. If the ventricle beats infrequently, or not beating 
spontaneously, it -is stimulated only occasionally then when fed with 
saline and sodium. bicarbonate solution, the beats grow weaker and 
weaker till they stop, but contractility lasts longer I think than with 
saline solution alone. When the contractions are much lessened the 
dilatation becomes rather prolonged, especially at its termination, but 
the character of the trace is very different from that produced by lime 
salts, 
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When the ventricle beats with normal frequency, the contractions 
. on first replacing blood mixture by saline and sodium bicarbonate 
solution rapidly grow weak, but soon recover and in many instances. 
become as good as with blood mixture, The trace of each contraction 
becomes broader and its summit rounder, the trace then becomes still 
broader till partial fusion occurs (see C, Fig. XI), and the whole trace 
becomes much raised above the base line. There also occurs much 
persistent spasm. On the addition of 5 min. of 1°/, solution of potassium 
chloride solution, the effect of the bicarbonate of soda is quite obviated, 
and the trace falls to its old position as regards the base line, but the 
contractions are much feebler than at the beginning of the experiment 
(see C), 

If no potash is added to the circulating fluid, but the ventricle 
throughout is fed with saline and sodium bicarbonate solution, then 
after a time the beats grow less frequent, so that fusion disappears and 
the persistent spasm declines; the trace falls to its primary position 
as regards the base line, and the beats grow smaller and smaller till they 
cease. Ifthe beats do not become less frequent, the persistent spasm 
gradually declines, the trace falls again to the base line, though 
some fusion persists, and the beats become smaller and smaller till they 
cease. 

When a ventricle is not beating spontaneously, contracture can be 
developed by exciting several contractions quickly one after the other, 
but after the contractions have ceased, contracture gradually declines, 
but will again appear on exciting a fresh series of contractions. When 
contracture has quite subsided, then the dilatation of the first: excited 
contraction is not prolonged, but the dilatation of the succeeding 
contractions becomes prolonged as the persistent spasm becomes 
developed, showing that probably the prolongation of the dilatation in 
this instance is due to the contracture, see Fig. XII. 

Sodium bicarbonate will restore contractions to a ventricle that has 
lost. its contractility when fed with saline solution. 2°5 c.c. of the 
4°/, solution of sodium bicarbonate added to 100 c. c. of circulating fluid 
is enough for this purpose. As the contractions return the effect of the 
sodium bicarbonate becomes manifest, for both contracture and fusion of 
the beats occur, and after a short time, about seven to twelve minutes, 
the ventricle stops in partial systole. 

As potassium chloride obviates the effect of sodium bicarbonate and 
prevents contracture and fusion, I determined to try if I could produce 
an efficient circulating fluid by the addition of some potassium chloride 
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to the saline and bicarbonate solution. I have, however, been unable to 
do this, though I have added the potassium chloride in various 
quantities ; with any dose that is enough to obviate the effects of the 
sodium bicarbonate, the contractions become much weakened and soon 
cease. After the ventricle supplied with saline and bicarbonate solution 
to which potassium chloride solution has been added, had stopped, I 
could always restore good contractions by the addition of from 3°5 ¢. c. 
to 5 c.c. of calcium chloride solution to the 100 c. c. of circulating fluid, 
and the contractions became as good as at the commencement of the 
experiment with blood mixture. 

We have seen that a perfect contraction can be obtained with a 
neutral circulating fluid composed of saline solution with a minute trace 
of calcium chloride and potassium chloride. Bicarbonate of soda, on 
which the alkalinity of the blood is supposed to depend, when added to 
saline is not sufficient to sustain the ventricle’s contractility nor even. 
when potassium chloride is added. I next proceeded to learn how a 
mixture containing saline, solution, calcium, chloride and sodium 
bicarbonate solution affects the ventricle. I find that the sodium 
bicarbonate appears to exert no influence, and that the whole effect is 
due to the lime, for after the usual interval and before the ventricle is 
weakened in any degree, the diastolic dilatation becomes much 
prolonged, and this prolongation is obviated by a very small dose of 
potassium chloride, so that good contractions are produced. 

In these experiments I used 100 c.c. of saline solution with 3°5 c. c. 


of calcium chloride solution and 5 c. c. of sodium bicarbonate solution. 


On replacing blood mixture with this mixture, the contractions are 
but little weakened, and only for a short time. The trace of each 
contraction becomes rounder at its summit, and the dilatation prolonged; 
but on the addition of 5 minims of 1°/, solution of potassium chloride, 
the trace becomes of the same character and as good as with blood 
mixture. With the mixture the spontaneous beats continue, see Fig. XIII. 
_ In the blood therefore sodium bicarbonate must exert a very small 
influence, if any direct influence on the cardiac contraction, and this is 
regulated by the antagonizing action of calcium and potassium salts. 
Still the sodium bicarbonate plays a very important indirect influence, 
by neutralizing the acid reaction produced by the contraction, for 
without this neutralizing effect the tissue and blood would soon become 
acid, when all function becomes impossible; hence sodium bicarbonate 
and other alkaline salts will prevent these tissues poisoning themselves 
by producing an acid condition. 
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I next tested the effect of a solution containing 100 c. c. saline 
. solution, 5 c. c. calcium chloride solution, 2°5 c. c. sodium bicarbonate 


solution and 0°75 c.c. potassium chloride solution, see Fig. XTV. 


I replaced blood mixture by this solution. Very little weakness in 
the contractions ensued on the replacement and this was speedily 


recovered from, and the ventricle continued contracting perfectly and 
spontaneously, ninety minutes after replacing blood mixture by this 
solution. No rounding of the top, or delay in dilatation occurred, these 
effects of lime being quite obviated by the potassium chloride. 


> 


EXPLANATION OF THE FIGURES, PLATE I. 


Fia. I. 


Trace with blood mixture and showing the effect of replacing the blood 
mixture by saline solution. The replacement was made at the. point 


indicated by an arrow. 


Trace eight minutes after replacing blood by saline solution. 

Trace fourteen minutes after the replacement. 

Trace eighteen minutes after the replacement. 

Shows the effect of adding 5 c. c. of calcium chloride solution to 100 c. c. 
of circulating saline solution. Contractility returned, the beats became 
after one stimulation spontaneous and owing to the prolongation of diastole 
the beat fused. 

After the beats ceased the diastole is seen to be enormously prolonged. 
This is well seen after a single contraction ; there also occurred some 
persistent spasm, for the whole trace is raised somewhat above the base 
line. The calcium chloride was solution added at the arrow. 

Shows the effect of 3 minims of potassium chloride solution added to the . 
100 ¢. c. of circulating fluid. It quickly removed the persistent spasm 


- and: brought the trace nearer to the base line and somewhat hastened 
- diastolic dilatation. The potassium chloride was added at the arrow. 


Shows the effect of nine minims of potassium chloride solution to the 
100 c,c. of circulating fluid. The diastolic prolongation is almost 
entirely removed. 

I obtained the same results in another experiment, but only added 
25 ¢.c. of calcium chloride solution, and consequently the diastolic 
dilatation was less prolonged than with double the — of calcium 
chloride. 
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Fie. H. 
Showing the effect of substituting 100 c.c. saline containing 0- , c. c. of 


lime water. 
At the point indicated by an arrow the blood mixture was replaced 


by the saline and lime mixture. 


Eight minutes after substituting saline and lime mixture for blood 
mixture. | 


05 c.c. 1°/, solution of potassium chloride to the 100 c. c. of saline and 
lime solution. The potassium chloride was added at the point indicated 
by an arrow. 


Fie, TIL. 
Trace with blood mixture. 
Trace seven minutes after replacing the blood mixture with saline 


solution. At the point indicated by an arrow 0°5 c. c. of lime water was 
added to the 100 c. c. of circulating saline and the trace —" increased 


_ in height. 


Fie. IV. 


With blood trace. | 
Effect of 1 c.c. of lime water added to 300 c. ¢. of saline, twenty-four 
minutes after replacing blood with the saline and lime solution. 


Bae Vv. 
with blood mixture. 


Trace eighteen minutes after replacing the blood mixture » 200 ¢.¢. of 
saline with. 2 c. c. of calcic chloride solution. 


Fie. VI. 
Trace with blood mixture. 


Shows the trace about fifteen minutes after ainda the blood mixture 
by 100 c.c. saline and 10 c.c. of bicarbonate of lime solution. Also 
shows the effect. of 0°5 c.c. of 1°/, solution of potassium chloride added 
or the point indicated by an arrow. 

Shows the further effect of another three minims of potassium chloride 
solution. 


| : 
| 
a C. The trace twenty-four minutes after replacing the blood mixture with 
saline and lime and also the effect of the addition o 
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Fic. VII. 
Trace with heed 


Trace 40 minutes after replacing blood mixture with 100 c.c. saline with 
3:5 c.c. of calcium chloride solution. At the point indicated by an 
arrow 0°33 ¢.c. of potassium chloride solution was added to the 100 
cc. of saline. 


Fie. VIII. 
‘Trace with blood mixture and shows the effect of substituting saline for 


‘ blood mixture. The saline was sprnanes at the — indicated by an 


arrow. 


Shows the effect of 3:5 c. ¢. of ‘dale chloride solution. The calcium — 
chloride was added at the arrow. 


Fie. IX. 


Trace with blood mixture, showing the immediate effect of replacing. 
‘blood mixture by 200 c.c. saline, 20 ¢.c. calcium bicarbonate solution 


with 1°5 c.c, potassium chloride solution. Blood replaced at the point | 
indicated by an arrow, 


Trace eight minutes after, the replacement. 
Trace fifty-six minutes after replacement. 


Fie, X. 


Trace with blood mixture. These contractions were excited by induction 
break shocks. 


Trace taken an hour after replacing blood mixture by 100 c¢.c. saline 
5 c.c. of calcium chloride solution and ‘75 c.é. potassium chloride. 
The contractions occurred spontaneously. 


Fie, XI. 
Trace with blood mixture. 
Sixteen minutes after the substitution of 100 saline containing 2°5 c. c. 
of } °/, solution of sodium bicarbonate in place of blood mixture. 


Eight minutes later. Also showing the effect of adding to the 100 ¢. c. 
five minims of 1°/, solution of potassium chloride. 
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Fie. XII. 


Trace showing the effect of contracture on the prolongation of diastolic 
dilatation. 

The first contractions were spontaneous; on their stopping contracture 
declined. The two following series were excited by break shocks. 
With the first there is no prolongation of dilatations, but there is some 

with the second contraction and still more with the third. 


Fie. XIII. 


Effect of replacing the blood mixture by 100 c.c. saline containing 3°5 

calcium chloride solution and 2-5 c.c. $ °/, sodium bicarbonate. The 
blood replaced by the saline &c. solution at the point indicated'by an 

arrow. 
Trace twenty-four minutes later, showing the prolonged diastole from the 
effect of the lime and also showing the antagonizing effect of 3 minims of 
1°/, solution of potassium chloride, which was added at the point indicated 

by an arrow. 

Shows the further effect to two additional minims of potassium chloride 

solution, five in all, This trace was taken, 44 minutes after the blood 

was replaced by the saline lime and sodium bicarbonate mixture. 


Fie. XIV. 


Trace with blood, and also shows the effect of replacing blood mixture 
with 200 saline containing 10 c.c. of calcium chloride solution, 5 c.¢. 
sodium bicarbonate solution (4 °/,) and 1:5 c.c. potassium chloride 
solution (1°/,). These beats were excited by induction break shocks. 
Blood replaced at the arrow. 

Trace ninety minutes after the replacement. 

These beats spontaneous. 
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ON THE INNERVATION OF THE HEART, WITH 

. ESPECIAL REFERENCE TO THE HEART OF 
THE TORTOISE. By W. H. GASKELL, MD, FRS. 
[Plates II—V.] 


[From the Physiological Laboratory, Cambridge.] 

THE views held by physiologists upon many points connected with 
the innervation of the heart have been too exclusively based upon 
observations upon a single type of heart, viz. that of the frog. It is 
therefore very advisable wherever possible to control these experiments. 
by a corresponding elaborate series of observations upon the hearts of a 
large number of other animal types, and in this way to trace the 
evolution of function in the same way as the morphologist tracks that 
of structure. With this object in view I propose in this paper to 
discuss as fully as I can the series of experiments which I have made 
during this last year upon the innervation of the tortoise heart, 
comparing them at the same time with corresponding observations 
upon the hearts of other animals. I shall therefore embody in this — 
paper the substance a three separate preliminary papers which I have 
already published, viz. | 

1. Preliminary aaniaaions on the innervation of the heart of the tor- 
toise’, 2. On the sequence of the contractions of the separate parts of 
the heart®. 38. On certain points in the function of the cardiac muscle®. 

I propose to divide the paper into four parts, viz. : 

1. On the spontaneous rhythm of the different parts of the bia 
and of the heart as a whole; 

2. On the sequence of the contractions of the different heart 
cavities ; 

3. On the action of the cardiac nerves; 

4. On the action of atropin and muscarin ; 
and in each part to strictly confine myself to the subject matter of that 


In a concluding section a general discussion on the four previous 
sections will be given. 


1 Journ. of Physiology, Vol. ut. Nos. 6 and 6, 
9 Brit. Med. Journ. 1882, p. 572. 
® Proc, Camb. Phil. Soc., Vol. rv., Pt. v. 
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PART I. 


On the spontaneous rhythm of the different parts of the heart 
and of the heart as a whole. 


In the early days of physiology before the nerves of the heart were 
known or ganglion cells thought of, the beat of the heart was attributed 
to the direct stimulating action of the blood upon the cardiac muscle. 
The discovery of the cardiac ganglia and especially their situation in 
that part of the heart—the sinus—from which it had been long recognized 
that the rhythmical beat took its origin, led instantly to the hypothesis 
that they played the chief part in the causation of the beat, although 
at the same time they were recognized as appendages to the nerves and 
not as separate independent structures. The fact that upon section 
certain portions of the frog’s heart continued to beat while other portions 
remained quiescent and that ganglion cells were always found in the 
former seemed proof positive of their preponderating influence in the 
causation of rhythm. Further, the knowledge that the respiratory 
muscles responded to rhythmical discharges sent out from the nerve 
cells of the respiratory centre naturally led to the conclusion that the 
supposed motor nerve cells of the sinus of the heart caused the heart's 
beat by a series of separate single discharges, each of which brought 
about a contraction of the cardiac muscle. When however from the 
experiments of Eckhard, Foster, Merunowicz and others it was 
known that a constant stimulus whether electrical, chemical or mechanical 
_ applied to the muscular tissue of the apex was able to cause that muscle 
to beat rhythmically even although no nerve cells were to be found in 
it, the question arose—Are really these motor centres similar to those 
of the respiratory centre, or is it not more likely that they supply a 
constant stimulus to the muscle and that it is the property of the 
cardiac muscle to produce a rhythmical result from that continually 
acting stimulation? Whichever view be accepted we still see that 
certain ganglia are supposed to possess motor functions upon which the 
heart-beat ultimately depends, and the cardiac muscle itself is not 
supposed to possess any power of automatic rhythm but merely contracts 
rhythmically upon the application of a suitable external stimulus. 

Further the experiments of Stannius have given rise to many 
investigations and much discussion upon the question, whether the 
automatic rhythmical power is confined to the region of the sinus or is. 
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inherent in other portions of the heart of the frog; whether, therefore, 
the rhythm which is observed after removal of the sinus and other parts 
is in reality automatic, i.e. produced by internal causes in the rhythm- 
producing tissue itself, apart from external stimuli, or whether it is due 
to some stimulus caused by the operation itself. We may briefly sum 
up.the main facts which have been accumulated on this question as 
follows :— 

1. Removal of the sinus by section or ligature causes a temporary 
standstill of the auricles and ventricle followed by an auriculo-ventricular 
rhythm, which is at first slow and though gradually quickening, never or 
seldom reaches the rate of the sinus rhythm. 

2. The duration of this standstill depends upon the situation of oe | 
section, being very slight or even absent when the section is made 
exactly at the junction of the sinus and auricles, and much greater when 
a portion of the auricles is cut away as well as the sinus. . 

3. During the standstill removal of sinus and auricles by section or 
ligature in the auriculo-ventricular groove causes a rhythm in the 
ventricle, which is quickest immediately after section and then gradually 
becomes slower and slower up to complete and permanent standstill of 
the ventricle. 

The rhythm of the ventricle described in § 3 is clearly from the 
nature of it a rhythm of excitation and not automatic; the fact 
that the greatest rhythmical effect is produced immediately after the 
operation and gradually dies away shows clearly its dependence upon 
the method of procedure, as well as the difference between its causation 
and such a rhythm as is seen after the first Stannius ligature, where the — 
contractions commence with long intervals between them and gradually 


quicken in rate. In addition, as I have shown in. my paper read before 


the Royal Society’ Dec. 1881, it is possible, by properly applying a 
micrometer screw clamp to the auriculo-ventricular groove, to separate 
the ventricle from the sinus and auricles without producing any in- 
dependent ventricular rhythm whatever. I found that if the clamp be 
tightened suddenly and forcibly, an independent ventricular rhythm was 
set up, often lasting a long time, but always becoming slower and slower 
and finally ceasing; but that ifthe clamp be tightened gradually a short 
series of independent ventricular beats might occur with each move- 
ment of the screw exactly similar to those often seen in the auricle and 
ventricle, before the standstill takes place, when the sinus is removed by 


1 Phil, Trans., Part m1., 1882, 


a 
a 4 
4 
4 
& 
§ 
re 
: 
d 
e 
» 
e. 
in 
ed 
4 
4 
£ h 3 
7 
d 
on 
<a 
ay 
e § 
4 
e 
4 
he 
4 
it 
h 
e a 
as a 
% 
e 
In 
ig 
a 
7 
“a 
at 
4 
O 
ts 
4 
“aj 
“4 
he 


YS 


section, ligature or clamping at or near the sino-auricular groove. In 
other cases I have succeeded in isolating the ventricle without causing 
any independent ventricular contractions. 

We may then leave out of consideration the contractions which are 
evidently due to the stimulus caused by the operation and shall therefore 
arrive at the following law :— 

“The power of independent rhythmical contraction de- 
creases regularly as we pass from the sinus to the ventricle.” 

We can however go further; for although the ventricle remains 
permanently still after separation and therefore does not appear to 
possess automatic rhythmical power, yet a very slight amount of 
assistance is required to set it in rhythmical action; the presence of 
a blood solution in its cavity, together with a slight amount of internal 
pressure is sufficient to bring to view its latent rhythmical power, to 
produce in it a permanent rhythm which is not at its maximum rate 
when the blood first passes through, but on the contrary does not 
commence for some little time and then beginning at a slow rate 
quickens to a more or less regular rhythm. So too the apex itself can 
be set in rhythmical action with however greater difficulty than the 
whole ventricle ; the standstill after the blood begins to pass in is here 
much longer, the production of any rhythm at all is much less certain 
and the rhythm itself is slower and less regular. 

We see then that the part of the ventricle which is nearest the sinus, 
viz. the base, is nearer the condition requisite for the manifestation of — 
automatism, than the part further removed, viz. the apex; and in 
accordance with this, we know that a slight stimulus applied to the 
base of the ventricle will cause a series of ventricular contractions, while 
the same stimulus applied to the apex will cause only a single contraction. 

If therefore we use the term “rhythmical power” to represent the 
capability of rhythmical contraction in any heart segment, whether that 


_ rhythm be strictly automatic or requires external assistance for its 


production, we can say that— . 

“The rhythmical power of each segment of the heart varies 
inversely as its distance from the sinus.” 

It may be urged from experiments upon the frog alone, that the 


rhythm of the isolated ventricle or apex is fundamentally different from 


that of the isolated auricles, in that the latter is so much more clearly 
automatic than the former; that therefore these two kinds of rhythm 
have in all probability a different origin, the former being essentially 
due to the properties of the muscular tissue and constituting a 
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INNERVATION OF THE HBA Rr 
purely muscular rhythm, while the latter resembles that of the heart 


as a whole and depends for its production upon the rhythmical qualities 


of some nervous mechanism presumably of the nature of motor ganglia. 
Whether there is any fundamental difference in the rhythmical properties 
exhibited by the sinus, by the auricles, the ventricle, and the apex of 
such a character as to necessitate the hypothesis of two distinct modes 
of origin, the one nervous and the other muscular, can be better decided 
when we have compared the behaviour of the heart of the tortoise in 
this respect: with that of the frog. 

All experiments involving the removal of the different ganglionic 
masses or section of the large intra-cardiac nerve trunks can be per- 
formed on the tortoise with much greater ease and certainty than on the 
frog; for, in the former the nerve trunks with their accompanying 
ganglia are situated externally lying in or just under the visceral 
pericardium, the septum between the auricles containing neither nerves 
nor blood-vessels; while in the latter as is well known the nerves run 
internally along the septum between the auricles. The septum then in 
the tortoise has no such importance as in the frog. Its place is taken 
by a flat band of tissue which connects the sinus and ventricle, from 
which on each side the two auricles spring. This band is plainly visible 


if the heart be turned over by seizing the apex of the ventricle as is 


represented in the accompanying woodcut (Fig. 20). It is seen as a 


_, F1G. 20. Ventricle turned over, to show the connection of the sinus (S) by means of 
the junction wall (J) with the ventricle ee eee sc aa 
is placed under the free coronary vein nerve (C). : 
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band of tissue joining together the two auricles but. differing in ap- 
pearance from the rest of the auricles. This junction wall (J) of the 
auricles is flat and smooth, not bulged out like the rest of the auricular 
tissue, and the two auricles (A) spring from it as from a flat base, like 
fungi growing on a flat strip of wood. The septum between the auricles 
arises from the central line of this junction wall. The two vagus nerves 
pass to the sinus with the sup. ven cave and their main trunks pass 
from the sinus to the auriculo-ventricular junction just under the peri- 
cardium covering this junction wall, so that this band of tissue which not 
only joins together the two auricles (A), but connects the sinus (S) with 
the ventricle (V) is of the same physiological importance that the septum 
is in the frog. | 
, In my former paper’ I have described fully the method used by me 
in investigating the nature of the rhythm of the heart and the action of 
the cardiac nerves in the frog and toad. This method enables slight 
variations in the force of the contractions of both auricles and ventricle 
to be simultaneously registered as accurately as has hitherto been 
accomplished for the rhythm alone. Its principle consists in the fixing 
of a point of the heart and registering the contractions of any two 
parts which are separated by that fixed point, the recording being 
effected by means of two levers attached by silk threads to the two 
parts of the heart thus separated. Such a method can be applied to 
the hearts of all animals whether in the body or out of the body; and 
as soon as the first experiments made on the heart of the frog in 
January and February 1881* convinced me of the great value of the — 
method, I determined to examine in the same manner the nature of the 
heart beat and the action of the cardiac nerves in the first instance in 
the case of all available cold-blooded animals and finally to pass on to 
the heart of the warm-blooded animals; being convinced that the study 
of the evolution of function as we pass up higher in the scale of animal 
development is the true method by which the complex problems of 
the mammalian heart will receive their final solution. Such a task 
necessarily demands a large amount of time, especially when, as I have 
seen in the course of the last year, the investigation of each new animal 
introduces new variations, and thus suggests new problems to be solved. 
It is therefore with pleasure that I find that Dr Roy has undertaken the 
investigation of the action of the vagus and accelerans nerves upon the 


1 Phil. Trans, Part s11., 1882. 
* Proc. Camb. Phil. Soc., Vol. tv., Pt. 1., p. 75;. read March 7, 1881, 
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heart of the dog by a method which is the same as that which I have 
used for the frog and the tortoise. This method gives results for the 
mammalian heart which are as striking as those seen in the case of 
the frog and the tortoise. 

In the majority of my experiments on the frog and toad, I made use 
of a clamp to fix the heart in position. In the tortoise it is more con- 
venient simply to hold the aortic trunk when it is desired to register the 
contractions of the auricle and ventricle; I have therefore made use of 
the clamp chiefly in the sino-auricular groove in order to register 
separately the contractions of the sinus and auricle.. My method of 
experimentation is as follows :—The heart is removed together with the 
upper portion of the body of the tortoise, the pericardium slit open and 
the liver carefully cut away; the aortic trunk is cut across and held by 
a pair of Kronecker’s forceps, a silk ligature with a hook at one end is 
tied to the very apex of the ventricle and another to the top of the right 
auricle, and the vagus nerves are exposed in the neck, ligatured and cut. 
The whole of the upper portion of the body is now placed on a stand 
and fixed in a suitable position between the two levers. The small 
forceps attached to the aorta is tightly held by an ordinary holder and 
the two hooks are attached to the upper and lower levers respectively. 
The appearance of the heart is given in the accompanying woodcut 
(Fig. 21), which shows at a glance the position of the sinus, auricle and 


Fie. 21, of eart when pent of @ 
body ; een Fig. 20, 
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ventricle without further description. In most of the experiments which 
I have made on the tortoise heart I have not used a clamp in order to 
hold the heart firm but have simply held the aorta in a suitable holder, 
so that in these cases any separation of the different parts of. the heart 
is made by section and not by clamping. 

The consideration of the large number of experiments at my disposal 


brings out certain differences between the frog and the tortoise. In the — 


first, place, the ventricle of the tortoise when isolated beats automatically 
with as great a certainty as the isolated auricle. The extra assistance 
in the shape of some constant chemical, mechanical or electrical stimulus 
which is required by the frog’s ventricle to make it beat rhythmically is 
not needed here; the rhythmical power of the ventricle of the tortoise 
as a whole is greater than that of the frog and is of identically the same 
nature as that of the auricle. In the tortoise then we can compare 
strictly the rhythm obtained from the ventricle with that of the auricles 
and sinus, and see whether there is the slightest reason for attributing 
different origins to them, for ascribing the former to the properties 
of the muscular tissue and the latter to those of the nervous elements, 

First then I will compare the resemblances and differences between 
the resulting rhythms, when the separation has been effected either by 
clamping or section, at the junctions of the sinus with the auricles, and of 
the auricles with the ventricle. In both cases the production of the 
automatic rhythm presents the same characteristics, viz., the beats are 
at first slow and gradually quicken to a greater and greater extent; in 
both cases a longer or shorter time may elapse before an independent 
beat takes place, or a rhythm of excitation may be caused, characterized 
by contractions which, at first quick, gradually slow down and give place 
‘to and merge into the slowly commencing automatic rhythm. The 
differences are differences of degree not of kind, and can be summed up 
by saying that the rhythmical properties of the auricles are more 
easily developed than those of the ventricle; thus, (1) when the inde- 
pendent rhythm starts its rate is much slower in the ventricle than in 
the auricle ; (2) the auricular rate can increase up to or near to that of | 
the sinus more easily than can the ventricular; (3) a perfectly regular 
rate is reached more quickly by the auricle than the ventricle. The 
preliminary pause, which after separation often takes place before inde- 
pendent contractions begin, is either absent or very short when the 
sinus is removed by section or clamping exactly at the junction of the 
sinus and auricles, and is well marked whe the section is made between 


the sinus and the ventricle or in the auriculo-ventricular groove, pro- 
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vided that in this latter case a rhythm of excitation is not set up by the 
clamp or the section sufficient to obscure the standstill. In Figs. 1, 2, 
Pl. II., I give examples of the development of rhythm when both auricle 
and ventricle are left and also when the ventricle alone remains. The 
close relationship between the automatic rhythm of the ventricle and of 
the auricle is further shown when the section is made between sinus and 
ventricle; the rhythm which then occurs resembles in its characteristics 
sometimes that of the ventricle sometimes that of the auricle, though — 
perhaps on the whole, as long as any part of the junction wall between 
the two auricles is left in connection with the ventricle, the resulting 
rhythm tends rather towards the auricular than the ventricular type. — 
The evidence then shows strongly that the automatic rhythm of the 
ventricle is of the same kind as that of the auricle, and therefore as that 
of the sinus, so that if the latter is due to the presence of motor ganglia 
so too is the former, and on the other hand, if the former be due to some 
inherent rhythmical property of the ventricular muscle then the latter is 
due to a somewhat better development of the same kind of property in 
the muscular tissue of the sinus. The possibility of deciding between 
these two views is given by the study of the rhythmical power of the 
ventricular muscle freed entirely from ganglion cells; in other words, 
by the comparison of the rhythmical power of the muscular tissue from 
the apex of the ventricle with that of the whole ventricle. 

My method of experimentation is as follows. A strip of muscular 
tissue is cut from the apéx of the ventricle in the direction and of the 
size represented by the dotted line in Fig. 20, p. 47, and held firmly at 
one end; a thread of silk is tied to the free end and attached by means 
of a hook to the lever of an ordinary muscle and nerve moist chamber. 
A very thin wire, insulated except at the ends, is twisted round each 
extremity of the strip of muscle and connected by means of a Du Bois 
Reymond key with the secondary coil of an ordinary induction apparatus. 
By means of this induction coil an interrupted current can be sent 
through the whole strip of muscle, and owing to the extreme thinness 
of the two wire electrodes the muscular strip can register any move- 
ments without the slightest impediment. At the fixed end of the 
muscular strip, so as to touch the muscle on opposite sides, are placed 
a pair of electrodes connected with another induction coil so arranged 
as to send single induction shocks’ into the muscle every ten seconds. 
The muscular strip is moistened with the blood of the animal or a drop 


breaking shock. 
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of salt solution, wet blotting-paper is placed in the moist chamber, the 
glass cover is put in position, and the experiment can then commence. 
The experiment consists in causing rhythmical contractions of the 
muscular strip every ten seconds by means of the single induction shocks 
applied at one end, and at the same time observing at intervals the 
effect upon these contractions of sending through the whole strip an 
interrupted current so weak as not in itself to cause contractions. The 
single induction shocks are of such a strength as to be certain of causing 
a contraction each time. The sequence of events is as follows—When 
the artificial rhythm is first induced the contractions are small, irregular 
in size, and somewhat flat-topped. Upon inspection it can be seen that 
a number of blocks exist in the strip of muscle (see p. 66, and Fig. 3, 
Pl. IL.), so that the contraction started at the fixed end passes a short dis- 
tance only along one region, while at another part the contraction though 
delayed eventually passes on, and at still another part it is perhaps only 


every second contraction which passes; and so on. It is in this way that 


the weak irregular contractions are caused, and the first effect of the ap- 
plication of the interrupted: current is to remove these blocks. Each time 
the interrupted current is sent through, the contraction due to the single 
shock is enabled to pass a little further; gradually and surely all the 
blocks are removed, the contractions become more regular in force, 
stronger, the passage of the contraction becomes more rapid until at 
last the strip contracts evenly and vigorously from end to end.; every 
obstruction is gone, the conduction power and contraction force is fully 
restored. The excitability of the tissue gradually increases hand in 
hand with the restoration of contraction power; the single induction 
shocks do not require to be so strong in order to cause an invariable 
contraction, the interrupted current must be made weaker in order not 
of itself to cause contractions; in fact the functional activity of the 
tissue has been in every respect repaired and increased. Further, when 
this process of repair has reached its maximum, when every induction 
shock produces equally strong vigorous contractions which pass rapidly 
and without hindrance from one end of the strip to the other, then 
spontaneous contractions begin to appear: the artificial stimulation can 
be removed and the automatic contractions of the strip of muscle be 
observed. These independent contractions are as strong as those caused 


by the single induction shocks; they, like the automatic contractions 
of the ventricle or of the auricle, commence with a slow rate of rhythm 


which gradually and steadily quickens, becoming more and more regular 
and approaching nearer and nearer to the rate of the sinus rhythm. 
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Hour after hour the strip of tissue continues beating with unimpaired 
vigour with the same rapid regular rhythm ; kept in the moist chamber 
through the night it is found to be still beating strongly and regularly 
though more slowly on the next morning. How long this rhythmical 
power remains, how long these vigorous contractions will continue 
I cannot say; I have seen the strip beating with great vigour and 
regularity as long as 30 hours after suspension, i.e. between 28 and 29 
hours after the commencement of the spontaneous independent con- 
tractions. 
These contractions are clearly both myogonic and automatic. 

_ They are myogonic because no special nerve structures are to be 
found here, and when the rhythm is once well established the strip can | 
be cut into small pieces, each of which will still continue its rhythm for 
a long-time; the rhythmical power then is not specialized in any 
portion of the strip, but is distributed over the whole of it. Its origin 
must therefore be in the muscle or in the nerve fibres supplying the 
muscle, as is suggested by Schiff’ in his discussion on the mode of the 
movements of the heart. That the rhythm is not only muscular in 
origin, but also due to some quality inherent in the muscle itself, i.e. is 
automatic, is clearly shown by the method of its development. It is 
evidently not a “rhythm of excitation” due to the direct stimulation 
of the muscle by the single induction shocks or the interrupted current, 
for it continues at least 30 hours after the discontinuance 
of all stimulation; it begins, like the automatic rhythm of the 
ventricle and auricle, and unlike the excitation rhythm caused by the 
second Stannius ligature, with contractions at long intervals from each 
other, and then gradually and regularly quickens up to its maximum rate. 
Further, nothing can be more striking than the nature of its develop- 
ment; the gradual recovery of the conduction power throughout the 
strip, the steady improvement in the force and rapidity of the con- 
tractions, the increase of excitability, all show a gradual improvement 
and development in the activity of the processes upon which the various 
properties of the muscle depend, a development which when it reaches 
its culminating point is manifested by the outburst of auto- 
matic rhythmical contractions. In fact under the guidance of 
the interrupted current and the single induction shocks the rhythmical 
power inherent in the muscular strip has been developed and made 
manifest, the muscle has been taught to beat. 


1 Modus der Herzbewegung, Roser’s Archiv, 1850, Vol. rx., p. 22 and 220. 
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The action of the interrupted current is not absolutely necessary for 
the manifestation of this rhythmical power, it simply hastens on the 
development of the automatic rhythm but does not produce any new 
property in the tissue. Thus if two strips of muscle be cut from the 
apex of exactly the same length and in every respect as similar to each 
other as possible, and the one strip be taught to beat in the manner 
described, while the other is simply left suspended in a moist chamber, 
without the application of any stimulus or any foreign fluid, then it is 
found that after a time this latter strip is beating of its own accord, and 
beating with contractions Which in most cases become eventually nearly 
if not quite as strong and vigorous as those of the former strip. The 
difference then between the behaviour of the two strips is in no way 
essential, the same processes are taking place in the one as in the other, 
but not at the same rate. Not only is the rapidity of the genesis of the 
automatic rhythm markedly quickened, but also the rhythm itself is 
more regular and quicker in the strip which has been taught than 
in the one which has been left alone. Thus in the former case I have 
generally noticed the occurrence of independent contractions between 
one and two hours after the suspension of the strip ; in the latter I have 
never seen any sign of a beat under three hours, and seldom before four 
hours after suspension. In the latter case as well as in the former the strip 
continues to beat all night and is beating strongly and well next morn- 


ing, and indeed may be beating more regularly than during the previous 


afternoon. Thus in one case where the rhythm of the control strip 
was during the afternoon of Nov. 8th irregular, with a strong tendency 
to the formation of groups, separated by single contractions at long 
intervals or by long pauses of 3, 7 or even 18 minutes duration, the 
rhythm when seen next morning (244 hours after suspension) was 
perfectly regular at the rate of one beat every 25 seconds ; in addition 
the contractions were nearly as strong as on the previous day’. In 
order to show the manner in which the rhythmical power of the tissue 
is gradually developed I will endeavour to describe fully a typical case. 


Nov. 7, 1882. Plate IL. Fig. 3. Ourves 1—v1. 


A strip of muscle, cut from the apex of the tortoise ventricle, was sus- 
pended at 3.30 p.m., and moistened, the electrodes being arranged as above 


1 I have never yet been able to obtain similar automatic contractions from a strip 
of muscle cut from the apex of the ventricle of the frog. In order to obtain success with 
the strip from the tortoise ventricle it is advisable that the animal be well fed, in a lively 
vigorous condition, and therefore that the experiment be made =— or at the end of the 
warm months of the year. : 
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described. Single induction shocks sent in at the fixed end every 10 seconds. 
Weak interrupted current sent through the strip at intervals as marked in the 
figures on the upper line. The first two curves represented in Fig. 3, Pl. II. 
show the original weak partial contractions of the strip in response to each 
induction shock, the gradual improvement of the contractions, the removal 
of blocks in the strip so that at first every second contraction was enabled to 
pass a block, and then on again stimulating every contraction passed’ (see 
curve 11), until at last each contraction was of the same strength and had 
nearly reached its full vigour. The same process continued, the contractions 
became stronger and stronger, passed more and more rapidly along the strip 
until at last about one hour after suspension a spontaneous contraction 
appeared occasionally, in addition to the contractions caused by the single 
induction shocks. These spontaneous contractions became more and more 
frequent and upon then removing the single induction shocks the strip was 
found to be beating of its own accord somewhat irregularly and with consider- 
able rapidity. The contractions quickly improved in regularity and rapidity 
and the two curves (Iv, v.) were taken between 5.30 and 6 o’clock. The 
rhythm was then, as is seen, very regular and as rapid as the sinus rhythm. 
All wires and electrodes were then removed and the preparation placed under 
a bell-jar with plenty of moisture and left through the night. At 9.15 p.m. 
when the laboratory assistant left, i.e. nearly six hours after suspension and 
five hours after the commencement of the spontaneous contractions the strip 
was still beating strongly and regularly at the rate of ten beats per minute. 
On the next morning, Nov, 8, I found the rhythmical contractions still con- 
tinuing, and at 1] a.m. ie. 18 hours after the commencement of spontaneous 
contractions the tracing Fig. 3, curve v1. was taken. The strip was then cut 
into three pieces which were placed on a glass slide and kept moist. Each of 
these pieces continued to contract rhythmically and were observed t> be still 
rhythmically contracting up to 1 p.m. ie. 22 hours after removal of the strip 
from the ventricle. . Further observation was then discontinued. 


. We see then that just as the whole ventricle of the tortoise when 
isolated remains quiescent for a short time and then begins to beat, so 
too any strip of the ventricular muscle begins to beat spontaneously 
after a longer standstill; just as the rhythm of the whole ventricle 
commences with a slow rate and gradually increases to its maximum, so 
does the commencing slow rhythm of the apex strip gradually increase 
in rate. No fundamental difference therefore exists between the 
rhythmical phenomena in the two cases, no extra factor is required for 
the production of the one rhythm rather than of the other;. the differ- 

1 These alternately weak and strong contractions are probably the same as noticed in 
my previous paper in the case of the frog’s ventricle. 
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ence is one of degree not of kind, being mainly, that the length of time 
required before the rhythm is manifested is, as might be expected from 
the greater severity of the section, greater in the one case than in the 
other. A strip from the apex of the auricle behaves in a manner very 
similar to that from the ventricle apex. Since therefore the purely 
myogonic rhythm of the apex is closely related to that of the ventricle, 
and therefore as has already been argued to that of the auricle, and 
since no line of demarcation can be drawn between the rhythm of the 
auricle and that of the sinus, the logical conclusion is that the rhythm 
of the sinus and therefore of the whole heart depends upon the 
rhythmical properties of the muscular tissue of the sinus, and not upon 
any special rhythmical nervous apparatus. ! 
According to Engelmann’ the myogonic origin of the automatic 
pulsations of the bulbus of the frog’s heart, as well as of the contractions 
of the apex under the influence of a supply of blood, &c., is demonstrated 
by the fact that in both cases the rhythm never reaches the rate of 
those parts of the heart which contain motor nerve centres; a difference 
which is in accordance with the law that the specific irritability of 
muscle is much less than that of nerves or nerve centres. Accord- 
ing to this view then we may hope to decide between the nature of 
the origin of two spontaneous rhythms by an examination of the 
rates of such rhythms, especially when as in the case of all my experi- 
ments, the portions of cardiac tissue, whether ventricle, auricle, whole 
heart or apex, were all suspended in the same manner, and all under the © 
same conditions. Before however a comparison can be made of the 
rates of the different portions of the heart, it is necessary to know the 
rate at which the whole heart beats when taken out of the body and 
suspended in the manner already described. The heart of the tortoise 
beats in almost every case with the most perfect regularity, varying 
in rate, apparently according to the time of year, from 10 to 20 beats 
per minute. Thus the average rate of the beat of the whole heart 
when first suspended was as follows: February nearly 10 per min., 
March 10°4 per min., April 12 per min., May 16 per min., June and July 
nearly 20 per min., Oct, and Nov. 135 per min. In this series the 
averages for the first four months are taken from a much larger number 
of experiments than for the last four; moreover the animals were kept 
under cover during November. We have already seen that the rate 
of rhythm of the isolated auricle or ventricle increases progressively 


1 Pfliger’s Archiv, Vol. xxrx., p, 425. 
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from a very slow rate to a very much quicker one; hence we have 

no right to assert that that rhythm cannot attain the rate of the 
sinus unless the experiment has lasted so long that the maximum 
rate has been attained. When the clamp is tightened in the sino- 
auricular groove the decision is easy; the rate of the independent 
auricular rhythm is fairly quick at the very commencement, and in a 
comparatively short time may quicken so as to reach the original sinus 
rhythm. Thus the following examples show that there is no essential 
difference between the sinus and whole auricle as far as rapidity of rate 
is concerned. 


Feb. 8, 1882. The clamp had been placed in the auriculo-ventricular 
groove, tightened, and the development of the independent ventricular 
rhythm observed ; the ventricle was then cut away, the auricle attached to 
the lower lever, the sinus to the upper, and the clamp placed in the sino- 
auricular groove. This clamp was then tightened and the auricle immediately 
began to beat independently of the sinus, slowing down in the first ten beats 
- until the length of the pause between two consecutive beats reached 14 secs. 
and then gradually quickening until in between 9 and 10 minutes after 
the separation the auricular contractions were as rapid and regular as 
the original sinus contractions (the rate in each case being 1 in 4°6 secs.), 
though absolutely independent of them and indeed the rate of these had 
by this time quickened up to 1 in 3°8 secs, 


Dec. 20, 1882. In this case the sinus was cut away at the sino-auricular 
groove and auricles and ventricle left suspended ; no standstill occurred but 
the slow auricular beats improved in rapidity in a somewhat irregular 
manner until in between 20 and 30 minutes after isolation the auricle and 
ventricle were beating at a rate slightly less than 12 beats per minute, the 
original sinus rate being slightly over 12 beats per minute. 


When. however the section is made or the clamp tightened between 
the sinus and ventricle or in the auriculo-ventricular groove, then it is not 
so evident that the ventricle has the power of initiating a rhythm equal 
in rate to that of the sinus; for the pauses between the beats are at 
first so long and the increase in rate becomes soon so gradual that the 
observation has to be discontinued before the maximum rate has been 
attained. In the following example I give a typical case of the be- 
haviour of the isolated ventricle during six hours’ continuous observation, 
to show the manner in which the rate of the ventricle and the rate of 
the sinus gradually approach each other, the one becoming slower and 
slower, the other quicker and quicker. 
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‘Feb. 9, 1882, Plate II. Fig. 2, curves 1—vit. The heart was at 12 
o'clock suspended with the auricle attached to the upper and the ventricle to 
the lower lever, and was held by means of a clamp in the auriculo-ventricular 


groove. This clamp was tightened to its uttermost so as to separate the 


ventricle absolutely from the auricle and sinus ; the preparation was moistened 
at intervals and a series of tracings were taken up to 6.40 p.m. . When the 
clamp was tightened, a rhythm of excitation was set up in the ventricle 
which gradually became slower and slower until it reached its minimum 
as seen in curve 1. No absolute standstill took place, but from this 


minimum point the rate of the ventricular beats steadily improved as is 


shown in curves 11. and 111. which were taken immediately in ‘succession to 
curve 1. Ourves IV., V., VI., VI. were taken at 2.45, 4.0, 5.15, and 6.40 p.m. 
respectively, and are selected out of the whole number taken in this 
experiment as fairly illustrative of the rate at which the rhythms of the 
ventricle and of the sinus tended to approximate by the quickening of the 
one and the slowing of the other. 


This experiment shows that the establishment of the full rhythmical 
power of the isolated ventricle takes place very slowly when the ventri- 
cle is simply kept moist but is otherwise not interfered with. If how- 
ever it be supplied with suitable food material then the full rhythmical 
power is manifested much more quickly, then the rate of rhythm easily 
reaches that of the sinus. 

The heart of the tortoise differs from that of the frog in the manner 
of its blood supply; for whereas in the frog a special system of blood 
vessels does not exist for either ventricle or auricle, in the tortoise the 
ventricle is supplied with a well developed coronary system which, 
commencing as two fine arteries in the systemic aorta a little above the 


aortic valves, ends in a number of coronary veins which pass from the 


auriculo-ventricular groove to the venous sinus along the junction wall 
of the two auricles. This coronary system is confined to the ventricle, 
the auricular tissue like both auricle and ventricle in the frog being 
entirely devoid of blood-vessels. If a cannula be tied into the 
systemic aorta above the origin of the coronary arteries and a blood 
solution be sent through it under a sufficient pressure, this pressure 
will close the aortic valves and so prevent the blood passing into the 
ventricle, while at the same time it sends the blood through the coro- 
nary system and so into the venous sinus. If further the junction wall 
between the auricles and therefore the coronary veins be cut across, 
the blood which has passed through the thickness of the ventricular 
tissue will drop from the cut ends of the veins instead of passing 
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into thé verious sinus, arid so any distension of the heart cavities with 
blood will be prevented. In this way then the muscular and nervous 
elements of the ventricle can be supplied with blood while the heart 
still remains empty and the sinus remains under the same conditions — 
as before ; in other words we can feed the ventricle without feeding the 
sinus and without distending the heart. Among the numerous problems 
to the solution of which we may hope that this method may give some 
insight I will confine myself in this place to one, viz. the effect upon 
the automaticity of the ventricle of a supply of blood through its 
coronary system. 

After the cannula had been inserted into the aorta a small portion 
of defibrinated blood solution (1 sheep’s blood to 2 normal saline) or of 
normal salt solution was sent through the coronary system in order 
to remove the coagulable blood in the vessels; the heart was suspended 
and the junction wall cut across; the blood solution was then again 
allowed to run through the coronary system at a constant pressure 
varying from 50 to 70 mm. Hg. The blood solution dropped from the 
cut ends of the coronary veins, the heart remained undistended as 
before, and the ventricle responded to the contractions of the sinus 
‘and auricles. The influence of the sinus was then removed either 
by a section through the auricles intermediate between the sinus and. 
the ventricle or by the removal of the whole auricle. In no case have 
I seen any sign of stand-still following upon the isolation of the 

ventricle under these circumstances; an immediate regular ventricular 
rhythm was always observed. 

Thus :— 

March 7. Rate of the ventricular beat immediately after separation was 
regular at 1 in 18 secs. and in 35 min. it had increased to 
1 in 12 secs, 

_ 4 8 Rate immediately after separation 1 in 15 secs. and in 45 min. 
still 1 in 15 secs. . 

» 14. Rate varied with blood pressure, quickest when the pressure 
was highest, was perfectly regular at 1 in 6 secs., ie. the 
sinus rate. 

» 15. Rate immediately after separation 1 in 8 secs. perfectly regular, 
blood running through at the time, varied according to pres- 
sure, quickest rate being 1 in 5 secs., i.e. same rate as sinus. 

, 16. Rate immediately after separation 1 in 20 secs., no blood through 

| ‘at the time, varied with blood pressure up to maximum rate 
of 1 in 5 secs., ie. rate of sinus. 

PH. IV. 6 
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March 17. Rate immediately after separation 1 in 12 secs., ostesiabiet 
at the time, varied with blood pressure up to the maximum 
rate of 1 in 6 secs., ie. about the same as the sinus rate. 


_ Every experiment shows that the flow of blood through the coronary 
system not only causes the independent rhythm of the ventricle to 
be developed much more rapidly, but also that the rhythm of the 
isolated ventricle when so developed may be as regular and as rapid 
as that of the sinus, provided that the pressure of blood in the coronary 
arteries is sufficiently great. 

- Again, not only is the whole ventricle capable of initiating and 
sustaining a rate of rhythm as great as the normal sinus rate, but 
also the suspended strip from the apex can be taught to beat as quickly 
and as regularly as the sinus itself. Thus in the example already 
mentioned (Fig. 3, Pl. IL, see p. 54) the whole heart had been pre- 
viously suspended in order to show Prof. Horvath the action of the 
vagus, and ‘its rate was then found to be perfectly regular at ten beats 
per minute. The apex strip in between 2 to 2} hours after preparation 
and suspension was beating spontaneously, as shown in Fig. 3, curves IV., 
v., at the rate varying from 9°5 to 10 beats per min., and at 9:15 p.m., 
ie. six hours after suspension and nearly five hours after the commence- 
ment of automatic contractions, at the rate of 10 beats per min. Since 
then, the whole auricle is able of itself to beat as fast as the sinus, 
while the rate of the automatic rhythm of the ventricle or of a strip of 
ventricular muscle can be developed up to the same extent by the 
trophic action of nutrient material or of the interrupted current respec- 
tively, it is impossible on the ground of differences in the rate of 
rhythm to make such a vital distinction between the origin of the 
rhythms of the sinus and apex strip as is implied in the terms nervous 
and myogonic applied to them respectively. 

To sum up then: Between the rhythm of the sinus and the rhythm 
of the muscular strip from the apex no hard and fast line can be drawn ; 
between these two extremes a distinct gradation of rhythmical power 
is manifested, and wherever such automatic rhythm is developed the 
laws of its development are the same. What differences there are, are 
differences of degree not of kind. In all cases the development of the | 
automatic rhythm to its fullest extent is a gradual one, commencing 
with beats at a slower rate than that subsequently attained, and the 
gradual development. 
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PART II, 


On the sequence of the contractions of the different heart 
cavities. 


Just as Haller and the physiologists of his time looked upon the 
rhythm of the heart as due to the action of the blood upon the muscular 
tissue of the heart, so also they spoke of the type of the heart’s movements 
as a peristaltic contraction which started in the venz cave and spread 
in regular order over the whole heart. In those days the continuity of 
the cardiac muscular fibres was not fully appreciated and in consequence 
arguments were given and experiments made to show that the contraction 
of each muscle fibre caused a contraction of the next muscle fibre 
because the act of contraction pinched compressed and stimulated nerve 
fibres which supplied the muscle fibre next in order. The peristaltic 
contraction then was looked upon as due rather to a progressive nervous 
action than to the passage of a wave of contraction over a hollow muscle. 
_ It was soon felt however that the type of a peristaltic contraction was 
unsatisfactory, since the different parts of the heart were able, especially 
when the heart was dying, to contract singly and separately. Schiff’ 
therefore came to the conclusion that the sequence is regulated from 
the starting point of the rhythm, and that the ventricle contracts after 
the auricle because, although the motor nerves of the auricle and ventricle 
are stimulated at the same moment in the venous sinus, the nervous 
arrangements are of such a character that the stimulus does not reach 
the ventricle so soon as the auricle. Of late years the conception of a 
peristaltic wave of contraction passing from one end of the heart to the 
other seems entirely to have dropped out of sight, and the sequence of 
the contractions as well as their origin is attributed to the action of 
motor nerve cells, Thus Eckhard’ and Marchand’ both assert that 
the sequence of ventricular upon auricular contraction is lost when the 
two auriculo-ventricular ganglia are extirpated in the frog, and from the 
experiments of Marchand—which show that the time between the ex- 
citation of the auricle and the resulting contraction of the ventricle 
is too long to be explained by a wave of contraction passing along 
such a muscular tissue as that of the frog’s ventricle,—it has been 
generally argued, that the path of the excitation from the auricle to the - 


1 Op. cit. 2 Beitrige, Vol. vu., p. 191. 
3 Pfliiger’s Archiv, Vol. xvu., p. 187. 
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ventricle passes through the auriculo-ventricular ganglia. At the same 
time, Eckhard’ and others have observed that section of the inter- 
auricular septum and therefore of the large nerve trunks between the 
sinus and the ventricle does not in any way affect the sequence of 
ventricular upon auricular beat. Here again, as in the investigation of 
rhythm, the heart of the tortoise offers great advantages over that of 
the frog from the fact that the intra-cardiac nerves and ganglia as 
they pass from the sinus to the ventricle are situated externally and 
not internally. In all cases the ganglia are rather to be considered as 
appendages to the nerves than as separate organs to which nerve fibres 
pass; the largest accumulations of them are found at the bifurcation of 
large nerve trunks in the sinus, in the junction wall between the two 
auricles, and in the termination of this wall in the auriculo-ventricular 
ring. In all these places the ganglion cells are also found on the smaller 
branches of the nerves which ramify over the sinus and form a rich 
plexus in the junction wall between the two auricles and at the 
junction between auricles and ventricle. The nerves with their ac- 
companying ganglia are distributed around the whole junction of the 
sinus and the auricles, and from this ring as well as laterally from both 
sides of the junction wall between the two auricles nerve fibres with 
ganglia are plainly seen passing into the auricular tissue; as the nerves 
pass further into the tissue the ganglia become more and more scarce 
and soon disappear. If then we call the junction wall between the two 
auricles the flattened part and the rest of the auricles the bulged part of 
the auricles, we find that the larger nerve trunks and ganglia of the 
auricles are found only in those parts of the bulged portion which are 
in the immediate vicinity of the flattened portion, of the sino-auricular 
junction and of the auriculo-ventricular junction. Again at the junction 
of the auricles and ventricle the nerve trunks passing from the junction 
wall of the two auricles anastomose and form a rich plexus containing 
large groups of ganglion cells along the line where this junction wall 
passes into the auriculo-ventricular ring, along that is the side of the 
ring furthest removed from the aorta,—this I will in future call the 
“base” of the auriculo-ventricular ring. From thence a plexus of 
nerve fibres, also containing ganglia though much more sparingly than 
_ the basal portion, passes round the auriculo-ventricular ring. From 
this ganglionic nervous ring, fibres ramify over both the ventricle and 
the auricles, in each case accompanied by ganglion cells for a short 


1 Op. cit. 
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distance. Similarly the junction between the sinus and the auricles 
contains a ganglionic nerve plexus ring, and over the whole surface of 
the sinus nerve fibres anastomose and carry ganglion cells with them. — 
In some cases the two vagi nerves join together in the sinus to form a 
_ perfect chiasma as is also often the case in the frog, in others they run 
slightly apart and join simply by anastomosing branches, as according to 
Ranvier is the usual method in the frog. When they form a chiasma 
the junction is filled up with a very large group of ganglion cells. The 
nerve trunks passing from the sinus to the ventricle along the junction‘ 
wall are accompanied by the coronary veins in their passage from the 
auriculo-ventricular grooye to the sinus. One of these coronary veins 
runs free from the surrounding tissue so as to form a separate and dis- 
tinct connection between. the sinus and the auriculo-ventricular groove 
(C in the Figs. 20, 21); this vein can therefore be cut and either 
end stimulated without any injury to the heart itself. A branch of the 
right vagus nerve in the majority of cases accompanies this vein and is 
usually large and well defined but sometimes small and insignificant. 
This inter-cardiac nerve I propose to call the “coronary nerve”. It 
branches off from the right vagus directly after the nerve has left the 
large group of ganglia in the sinus and is well supplied with ganglia 
until it is entirely free from the heart; during its free course it contains 
very few if any ganglion cells and just before it enters the auriculo- 
ventricular groove ganglia again become abundant. In the auriculo- 
ventricular groove it is in connection with a large group of ganglion 
cells, anastomoses freely with the ganglionated nerve plexus of the 
groove, and is distributed over the auricles as well as the ventricle. Its 
auricular fibres as well as its ventricular are supplied with ganglia for a 
short distance. The cardiac nerves then after they leave the sinus form 
two ganglionated nerve rings at the junctions of the sinus and auricles 
and of auricles and ventricle respectively, connected by a ganglionated 
nerve plexus band in the junction wall between the two auricles. 
In Fig. 21, p. 49, the appearance of the heart when suspended is 
represented ; the curved line C represents the free coronary vein and 
nerve, and the line directly joining the sinus S with the ventricle V the 
position of the junction wall between the two auricles. A vertical. cut 
therefore between S and V will divide this junction wall and with it 
all the nerves which pass directly from the sinus to the ventricle. 

In endeavouring therefore to find out the reason of the sequence of 
‘the heart contractions, we can at the outset eliminate the hypothesis 
that stimuli pass from the sinus to the auricles and ventricle through 
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the cardiac nerves and attached ganglia, and that the function of the 
latter is to regulate the time of arrival of the stimulus at the ventricle, 
so that the ventricle may always contract in due sequence to the auricle. 
For, section of all the nerve trunks between the sinus and ventricle or 
even absolute removal of them with their accompanying ganglia does 
not in the very slightest degree affect the due sequence of ventricular 
upon auricular beat. Again, on the other hand, if the auricles be cut 
away from the ventricle leaving only the coronary nerve as the link of 


‘communication between the sinus and the auriculo-ventricular groove, 


there is never the slightest sign on the part of the ventricle and the 
auricle in connection with it of any ability to beat in response to the 
rhythm of the sinus and that part of the auricle in connection with it. 
Since then the sequence of ventricular upon auricular beat does not 
depend upon the transmission of stimuli along nerve fibres from the 
starting point of the rhythm to the auricle and ventricle respectively, 
what does it depend upon? The answer to this question is simple and 
perfectly certain, viz. 

The ventricle contracts in in sequence with the auricle 
because a wave of contraction passes along the auricular 
muscle and induces a ventricular contraction when it reaches 
the auriculo-ventricular groove. 

We have seen that a slit can be made through the junction wall and 
that part of the auricle in connection with it without at all interfering 
with the sequence of the beats. We can further carry this slit much 
nearer to the point of attachment of the ligature at the apex of the 
auricle so that, the other auricle being cut away, the connection 
between the sinus and the ventricle is maintained by two bands of 
auricular tissue joined at their apex by a narrow bridge of tissue as 
shown in the accompanying woodcut Fig. 22; and yet the due sequence 
of the ventricular upon the auricular beats is not disturbed. That part 
of the slit-up auricle which is in connection with the sinus will be called 
in future “sinus-auricle” or A,, and the part in connection with the 
ventricle, ventricle-auricle or A. 

When the auricle is slit up for only a short Sides so that the 
bridge of tissue at the apex is broad, then the auricle contracts as a 
whole and the ventricle follows just as though no section had been made. 
The section can be continued further and further without much differ- 
ence in the result; at last however, when the bridge is quite thin, it is 
apparent that a wave of contraction passes from the sinus up A, and 
then after a slight pause down A, to the sulcus where another pause 
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occurs and then the ventricle contracts. In Fig. 4.A, Pl. III. the graphic 
representation of these pauses is shown together with the due sequence 


Fic. 22. Junction wall and auricle slit up so as to separate auricle into 2 parts As, Av. 


of the ventricular upon every auricular beat. When the section is still 
nearer the apex then it is seen that every contraction wave is unable to 
pass the narrow bridge of tissue, but that every second contraction passes 
over and when it reaches the ventricle induces a ventricular contraction. 
The ventricle never contracts in response to those alternate contractions 
of A, which do not pass the narrow bridge of tissue at the apex, but only 
- when the contraction wave passes down A, and reaches the auriculo- 
ventricular sulcus. By the right amount of auricular section then we can 
make the ventricle beat perfectly regularly after every second beat of the 
sinus, The nature of the curves obtained is seen in Figs, 4, 10, 11, 12, 13, 
Pl. IIL, TV. Fig. 4B is taken from the same experiment as Fig. 4A, in 
_ order to show graphically the effect of slightly increasing the severity 
of the section. As the section is continued nearer the attachment of the 
ligature so that the bridge of tissue is still further reduced the contrac- 
tions pass with greater and greater difficulty, so that a contraction wave 
passes along A, after perhaps 5, 6 or more beats of A, and then and then 
only the ventricular contraction follows, Finally when the tissue is so 
thin that it often appears impossible to cut further without cutting the 
ligature itself, then the contraction wave is absolutely unable to pass, then 
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the “block’” is complete and any contractions of the ventricle which 
may occur are absolutely. independent of those of the sinus and sinus- 
auricle, Even when the block is complete so that no contractions have 
been able to pass for many minutes and the independent ventricular 
contractions have commenced, it is still possible as will be shown later 
on for a more or less complete recovery to take place, so that again 
every or every second contraction may pass the blocking point. 

These experiments show definitely that the ventricle contracts 
after the auricle only when a contraction wave passes to the 
auriculo-ventricular groove, and I have never seen any evidence 
that anything of the nature of a nervous influence such as a wave of 
excitation can pass the block and set the ventricle in action when the 
contraction wave cannot pass. It is certain that no nervous influence 
passing along nerve fibres in the visceral pericardium apart from the 
muscle fibres is concerned in the production of the ventricular beat, for, 
after having slit up the auricle slightly so as not to cause any block, I 
have then thinned down a small ring of tissue in A, midway between 
the attachment of the ligature and the ventricle in such a manner as to 
remove all the pericardial surface, and therefore to leave at this spot 
a connecting bridge of muscular tissue alone ; through this the contrac- 
tion wave passed and a ventricular contraction followed. By thinning it 
sufficiently a partial block, so that every second contraction passed, or a 
complete block could be caused. When the contraction wave reached the 
ventricle it responded, when no contraction passed the ventricle remained 
quiescent ; in fact, no doubt can possibly remain that, the ventricle beats 
after the auricle because it does not contract until the auricular contrac- 

tion reaches it. 

In precisely the same way the due sequence of the contractions in 
the frog’s heart does not depend upon the integrity of the nerves in the 
auricular septum but upon the contraction of the auricle, and here also 
as I have elsewhere* shown a blocking of the auricular contraction wave 
can be caused by compression of the muscular fibres as they pass into 
the auriculo-ventricular groove, a block which may be partial or complete 
in precisely the same way as already described for the tortoise. 

1 In his experiments upon the passage of contraction waves along the muscular tissue 
of the swimming bell of the Medusm, Romanes (Phil. Trans, Vol. cuxv1. Pt. 1.) has through- 
out made use of the term “ block” to express any artificial hindrance to the passage of the - 
contraction. I therefore make use of the same term in speaking of the results of experi- 
ments on the cardiac muscle which are very similar to those which he performed on the 
muscle of the Medusa. 

Phil, Trans. 1882, Pb. mt, 
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‘Since then the-ventricle does not contract after the auricle because 
separate stimuli pass from the sinus to the ventricle along nerve fibres, 
but does contract because a contraction wave passes along the muscular 
tissue of the auricle to the junction of the auricles and ventricle, the 
question arises; How is it that a contraction of an auricular muscle 
fibre is able to cause a contraction of a ventricular muscle fibre? and 
especially, what is-the reason of the pause which ensues before the 


ventricle contracts after the auricular contraction has reached the 


auriculo-ventricular groove ? 


An answer to these questions is most likely to be found ‘a examining 


whether any particular portion of the junction of the auricles and 
ventricle is especially concerned with the maintenance of the sequence 
of ventricular upon auricular beats, and at the same time investigating 
the structure of the auriculo-ventricular groove. For the purposes of 
description it is convenient. to divide the auriculo-ventricular ring into 


sections, and therefore in accordance with its position in all my experi- : 


ments I will call the portion of the ring or rather of the half ring 
nearest the aorta, the upper, or A in the accompanying diagram, the 
lateral portion the middle or’ B, and the lowermost portion the basal 
segment or C. 


In the first place the integrity of the whole ring is unnecessary he 
the due sequence of the contractions; the whole of one auricle can be 
removed together with the corresponding half of the base of the ventricle, 
and yet the contractions of the remaining auricle will be followed 
regularly by contractions of the ventricle. I commence therefore by 
cutting away the left auricle and that part of the ring to which it is 
attached, and then remove the auricular attachments and the ring 


on the right side bit by bit until the sequence is lost, beginning in the 


one case with the removal of the basal portion C and cutting round 
towards the aorta and in the other with the removal of the upper section 
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A and gradually passing towards the base. The following example 
shows the difference in effect of the two operations. 


_ July 5, 1882. Upper portion of tortoise removed from the body with the 
heart in position, and placed on a plate. The left auricle and the base of the 
ventricle to which it was attached was cut away. The ventricle still con- 
tracted after every contraction of the right auricle. 

The base © of the right part of the auriculo-ventricular ring was then 
removed, together with that part of the right auricle which was attached to 
it. The ventricle still beat absolutely synchronously with the auricle. 

The middle B of the right side of the ring and the auricular attachments 
were cut away. Still every contraction of the auricle induced a ventricular 

The section was then carried close to the aorta, so that the only part of 
the auriculo-ventricular ring which was left intact was that part of the upper 
portion A of the ring on the right side between the middle line and the whole 
attachment of the aorta. 

After this last section at 1.9 p.m. the ventricle remained quiescent for a 
while, then contractions began to pass from auricle to ventricle and in ten 
minutes, at 1.19 p.m., the ventricle was contracting regularly after every second 
auricular contraction. 

1.30 Ventricle still misses every second auricular beat. 
1.40. do, do. 
1.52 Ventricle misses only every third beat. 
1.59 Ventricle misses only every fourth beat. — 

At 2 p.m. I cut away a small piece of the ring at the middle line of the 

upper part of the ring where the right and left auricles meet. 
2.5 Ventricle beats after every contraction of the auricle. 
2.9 do. do. 
do. do. 

At 2.13 I cut from the middle line towards the aorta up to the middl 
of the attachment of the aorta, so that the auricle was now attached to only 
a narrow strip of the auriculo-ventricular ring comprising the middle of 
the attachment of the aortic trunk. After this last section the ventricle 
quiescent but again 

at 2.17 was beating after every second auricular beat, 
and at 2.19 was again synchronous with the auricle. : 

A small piece of tissue was again removed underneath the aorta. Ventricle 
immediately quiescent. 

At 2.25 the sequence had again recovered to the extent that the ventricle 
was able to respond to every second auricular beat, 

The strip of auricular tissue was then cut away, and the ventricle was 


‘ 
¢ 
vA 
» @ 
4 
q 
| 
4 
334 
4 
3 
| 
| 


INNERVATION OF THE HEART. 69 


found to be beating spontaneously at a rate somewhat slower than 1 to 3 
auricular beats, _ | 

The last small piece of the auriculo-ventricular ring was now cut away 
at 2.28. The ventricle immediately became quiescent and remained without 
a single contraction as long as observed, i.e. up to 3.30 p.m. 


A second tortoise was,now taken and the reverse operation performed, the 
left auricle and auriculo-ventricular ring being cut away at 2.44p.m. The 
ventricle responded regularly after every contraction of the right auricle. 

The upper portion of the right ring and the attachments of the right 
auricle were now cut away from the upper middle line to the end of the 
attachment of the aorta at 2.49. The ventricle immediately remained 


8.45 First beat, 
3.12 Ventricle beats alternately after every second and every third 
auricular beat. 
3.15 Still alternately after every third and every second beat. 
3.22 Ventricle beats regularly after every second auricular contraction. 
3.25 do. do. 
The middle portion B of ring was now removed, leaving the whole of the 
broad base O with its nerves, ganglia and auricular attachments still intact. 
- The ventricle was immediately quiescent; observed up to 4 p.m.; the 
ventricle never responded with a single contraction although the auricles 
continued to beat regularly and well. 


This experiment shows clearly that the basal part of the auriculo- 
ventricular groove has the least share in the maintenance of the sequence 
of ventricular and auricular beat, and yet this is precisely the part 
where the nerve fibres enter, where the ganglion cells are to be found in 
greatest profusion. From this fact alone the assumption that ganglion 
cells play an important part in the transmission of the contraction from ~ 
the auricle to the ventricle is rendered very doubtful ; and microscopical 
evidence shows that such un assumption is not only improbable but 
unn: 
The heart of the tortoise consists of three muscular cavities, the sinus 
cavity, the auricular cavity and the ventricular cavity, separated from 
each other by two more or less well defined constrictions, the auriculo- 
ventricular and sino-auricular grooves, The arrangement of the muscular 
fibres is somewhat as follows. In the sinus the muscular fibres are 
closely set together, largely parallel to each other, with a tendency to 
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form a circularly arranged continuous muscular sheet, and from these arise 
and branch in various directions other fibres which form separate bundles, 

passing from point to point and constituting a rudimentary reticulated 
structure similar to what is seen in perfection in the auricles. At the 
sino-auricular junction both sets of fibres join to form a regular band 
of parallel closely-set muscle fibres which form a circular 
muscular ring, from which the fibres of the auricle take their 
origin. On both sides of this ring, whether in the sinus or the auricle, 
those fibre bundles which pass towards it at right anglés to the direction 
of its fibres split into two parts, which curving in opposite directions 
are continuous with the ring fibres, From this sino-auricular muscular 
ring a network of loose reticulated fibres connected in all directions 


springs to form the bulged portions of the auricles. In the flattened — 


portion of the two auricles—in, that is, the band of -tissue forming the 
junction wall between the auricles, the muscle fibres are arranged in 
a closely-set sheet of fibres which are continuous with and largely 


parallel to the circularly-arranged fibres of the sino-auricular ring. 


This portion of the auricles then resembles in the arrangement of its 
muscular structure the ground-work of the sinus and the sino-auricular 
ring, and not the reticulated mesh-work of the rest of the auricles. 
From the sino-auricular ring and from the junction wall, the reticulated 
fibres of the auricle ramify in all directions until they approach to 
their attachments in the upper and middle parts of the auriculo- 
ventricular groove, Here again as in the sinus the arrangement gradually 
changes from a network into a continuous sheet, the fibres become 
more and more parallel, and at last form another well defined 
circularly arranged ring of parallel muscular fibres. From 
this ring the muscular fibres of the ventricle in part take their origin. 
The base of this ring is continuous with and its fibres are parallel to 


_ the non-reticulated muscular fibres of the inter-auricular junction wall. 


We see then that the arrangement of the muscle fibres in the heart of — 
the tortoise, the two rings of circularly arranged muscle fibres joined at 
their base by a band of similarly circularly arranged fibres is very 
suggestive of the primitive origin of the heart from a tube:like that of 
an artery or of the ureter, where the fibres are throughout arranged in 
a circular manner. The existence of these two muscular rings connect- 
ing the three muscular cavities of the heart is amply sufficient to 
account for the passage of the contraction from the sinus to the auricle, 
and from the auricle to the ventricle, without the necessity of invoking 
the presence of ganglion cells, and leads directly to the view originally 
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-held by physiologists that the cavities of the heart contract in regular 
‘sequence, because a peristaltic wave of contraction commencing at the 
sinus passes from one end of the heart to the other. 

Before this view can be accepted some explanation must be given of 
the natural pauses which occur between the contractions of the sinus 
and auricles and of the auricles and ventricle respectively. Also atten- 
tion must be paid to Marchand’s’ assertion that the time which elapses — 
before the ventricle responds when a stimulus is applied to the auricle is 
too long to be explained on the assumption that the stimulus reaches 
the ventricle along simple nerve or muscle fibres, as well as to the 
_ assertion that the ventricle of the frog does not contract after the auricle, 
when the two auriculo-ventricular ganglia have been removed. 

We have already seen that an additional pause as well marked as 
either of the natural pauses can .be artificially produced in a purely 
muscular part of the auricles by a simple hindrance of the passage of a 
wave of contraction. Such a commencing block is caused when the path 
of the contraction wave is narrowed to a thin bridge of muscle, the 
conduction power of which has moreover been in all probability lowered - 
by the previous operation. It is therefore possible to interpolate a 
pause in the course of a wave of contraction by artificially altering the 
conduction power of the muscle. at any one point. If then such an 
alteration of conduction power occurred naturally at any point owing to — 
the normal arrangement or structure of the muscle fibres at that point, 
a pause or rather an alteration of rate in the progress of the contraction 
wave would take place here of the same character as the pause between — 
the contractions of the auricle and ventricle. | 

Further, such an alteration in conduction power in the course of the 
passage of the contraction wave from the auricle to the ventricle would 
explain all the objections which have hitherto been raised against the 
hypothesis that the beat of the heart is a peristaltic wave of contraction — 
passing from one end of the heart to the other. Thus in the first place 
‘such an assumption will explain Marchand’s experiment mentioned 
_ above; for the whole point of that experiment is based on the supposi- 
tion that the rate of conduction along a supposed muscular path from 
the auricle to the ventricle must be equal to the rate along the muscles 
of the body of the ventricle as determined by the experiments of Engel- 
mann. In the second place the facts—that under certain conditions, 
especially when the heart is near to death, a contraction of the ventricle 
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‘alone can be caused which does not induce an auricular contraction and 

vice vers; and also that in the same circumstances of lowered excita- 
bility whether caused by impaired nutrition or by the action of poisons, 
&c. the ventricle is often found to be beating after every second, every 
third or more auricular beats, and finally to cease beating while the 
auricle continues to contract—which were in the eyes of Schiff, Volk- 
mann, Budge, &c. insuperable objections to the acceptance of a peristaltic 
wave passing from auricle to ventricle, have now I venture to say 
become the strongest arguments for the existence of such a peristaltic 
wave, which at the auriculo-ventricular junction passes through a region 
of diminished conductivity. Just as in the passage of the contraction 
from the sinus-auricle to the ventricle-auricle a successively increasing 
severity of section, that is, an increasing impairment of the tissue, pro- 
duces first a commencing block, i.e. a simple delay in the rate of the 
passage of each contraction wave, then a partial block, so that only every 
second contraction passes, and finally a complete block, in which no con- 
tractions pass; so too any impairment of the whole heart of such a 
character as to lower the excitability and the conduction power of the 
cardiac muscle will necessarily convert the slight block which exists 
naturally at the auriculo-ventricular junction into first a partial block 
during which the ventricle will respond to every second, third, or more 
beats of the auricle, and finally into a complete block when the auricles 
will continue beating but the ventricle will remain quiescent. The 
_ special tendency for the contraction wave to be blocked at both the 
sino-auricular and auriculo-ventricular junctions will be further con- 
sidered when we come to deal with the action of the cardiac nerves. 

Further, we have every reason to believe that the contraction wave 
is not likely to pass so easily from the auricle to the ventricle as over the 
surface of the auricle or ventricle themselves, not only because the 
auriculo-ventricular muscular ring is narrow and a somewhat abrupt 
change occurs in the direction of the muscular fibres along which the 
contraction wave passes, when it reaches and leaves this ring, but essen- 
tially because the structure of the muscular fibres here is different from 
those of the auricle or ventricle. This difference of structure can be 
best discussed in connection with a description of the structure of the 
muscle fibres in all the different parts of the heart of the tortoise. 

The muscle fibres throughout the heart are of the same type, any 
differences which are seen are differences in the prominence of the 
various structural peculiarities of the cardiac type of muscle, and are 
not so great as the differences between unstriated and striated muscle 
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fibres. ‘Thus all the muscle fibres are to a greater or less extent trans- 
versely striated ; but the prominence of this striation varies considerably. 
Similarly the thickness of the fibre, the extent of parallelism of its 
edges, the size of the nucleus in relation to the size of the fibre, and 
therefore the extent of crowding of the nuclei in any strip, all present 
differences in different parts of the heart. The greatest contrast is seen 
when the muscular fibres of the ground layer.in the sinus are teazed out 
and compared with the muscle fibres of the spongy tissue of the ventricle. 
The sinus muscle fibre is thin and delicate, tapering somewhat at both 
ends, with a large central oval nucleus which causes a distinct bulging _ 
a of the fibre; the substance of the fibre shows a striation which is Uf | 
decidedly indistinct, presenting often a granular rather than a distin 
banded appearance. On the other hand the ventricular muscle fibré is 
boldly and strongly striated, it is much thicker than that of the cow 
its edges are parallel and the thin elongated nucleus is small in com- 
parison to the size of the fibre. The muscle fibres of the reticulated 
tissue of the auricle are not so large or so coarsely striated as those of 
the ventricle, though larger and much more distinctly striated than the 
sinus muscle fibres. Their edges also are more parallel than in the 
fibres of the smus. The muscular ring forming the junction of the 
auricles and ventricle, and to a certain extent the whole junction 
wall joining the two auricles are composed of muscle fibres with a 
structure intermediate between the sinus and the auricle muscles. 
The nuclei are large, conspicuous on section both in size and number, 
the striation is not so well marked as in the bulged portion of the 
auricles, and the fibres are thin and delicate with somewhat parallel 


Such a structure as above described is very suggestive not only as an 
explanation of the pauses which occur naturally in the course of the 
peristaltic wave of contraction, but.also of the differences of rhythmical 
power exhibited by different parts of the heart. We see that the sinus, 
the sino-auricular ring, the junction wall between the two auricles and 
the auriculo-ventricular ring are all composed of muscular fibres which 
differ from those of the ventricle and the bulged portions of the auricles 
not only in arrangement but also in structure, and that this difference is 
exactly what we should expect to see, if these latter parts had reached a 

higher stage of development than the former. The more developed 

tissue would not only possess a more marked striation, a less conspicuous 

nucleus and a contour with parallel edges rather than spindle-shaped, 

: but would be characterised by a greater rapidity both of contraction and 
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conduction than the less developed. If then a wave of contraction were 
started at the sinus end it would pass most rapidly along the reticulated 
fibres of the sinus, auricles, and ventricle, and more slowly at the junc- 
tions of the sinus with the auricle, and of the auricle with the ventricle ; 


if further these more rapidly contracting parts were bulged out so as to 


conceal the junctions, then the true nature of a wave of contraction 
would be completely masked, and the contractions of the three cavities 


-of the sinus, auricles and ventricle would appear to take place ——- 


dently with pauses between them. 

The difference in the conduction power of the muscular tissue of the 
inter-auricular junction wall from that of the auricle proper, is evident 
from a number of experiments which I have made for the purpose of 
comparing the effect upon the sequence of the ventricular and auri- 
cular contraction of removal of the junction wall alone, leaving the 


bulged portion of the auricles as the means of communication between 


the sinus and the ventricle, and conversely of removal of the bulged 
portions, leaving only the junction wall between the two auricles. 
The following example is typical of the opposite effects of these two 
operations. 


March 10, 1882. Two small tortoises were taken and their hearts 
removed and pinned out with the junction wall uppermost. In each case 
the free coronary vein and the flattened portion of the auricles was well 


defined. The line of junction of the bulged and flattened portions was cut 


through on each side in both cases, without affecting the sequence, and then 
in the one case the whole of the junction wall was cut away leaving the 
bulged portion intact, and in the other the bulged portions were separated 
from the ventricle leaving the junction wall intact. In the first case the 
sequence was absolutely unaffected by the operation, in the other the ventricle 
remained still for a long time and then began to beat slowly and inde- 
pendently of the auricular contractions, In the first case the auricular 


_ tissue was then cut through to a greater and greater extent, until at last only 
a narrow bridge of the reticulated muscle of the auricle remained, and yet 


the sequence was maintained. In fact, the sequence of ventricular upon 
auricular beat is able to continue when the contraction wave is obliged to 
pass over an exceedingly narrow bridge of the muscular tissue of the bulged 


portion of the auricle, but is absolutely lost, when the only path for the 


contraction wave is the flattened junction wall between the two auricles, 


although in the latter case the strip of muscle is much broader than in the 
former and although in both cases the auriculo-ventricular ring is intact. 


The difference between these two cases is most striking and is 
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always the same, although the band of tissue which was left intact in 


the first case along which the contractions might travel to reach the 


ventricle, was many times broader than the final bridge of the reticulated 
muscular tissue in the second case; although, in addition to the greater 
breadth of the strip, the nerve communications ganglia and all, between 
the sinus and the ventricle were intact in the first experiment while in 
the second nothing was left but a narrow muscular bridge as the means 
of communication between sinus and ventricle; yet the sequence was | 
absolutely prevented in the former case, absolutely unaffected in the 
latter. We see then without doubt not only that the sequence depends 
on the passage of a contraction over the bulged portion of the auricles to 
the upper portion of the auriculo-ventricular junction ring, but also the 
conduction of the contraction is less easy along the muscular tissue of 
the junction wall between the two auricles than along the reticulated 
muscular network of the bulged portion of the «auricles. I do not 
desire to assert that a contraction wave can never pass along the inter- 
auricular juriction wall and so to the ventricle, for I have seen in one or 
two cases a slight and partial repair of the sequence some time after the 
operation when the junction wall alone was left; I only assert that in all 
cases the sequence is maintained with immensely greater ease when 
only a small bridge of the reticulated muscular tissue is left, over which 
the contraction wave can travel, than when the whole of the junction 
wall is left intact. | 

Finally, the assertion based upon the experiments of Eckhard and 
Marchand, that the auriculo-ventricular ganglia are essential for the 
due sequence of the ventricular upon the auricular contractions in the 
frog, must be examined into and its truth or falsity proved. 

The fibres of the auricles in the frog pass into a well defined ring of 
circularly arranged muscle fibres at the junction between the auricles 
and ventricle of the same nature as already described for the tortoise. 
The diameter of this ring is naturally as small as the orifice between the 
auricles and the ventricle, so that in such an operation as the removal of 
the auriculo-ventricular ganglia it is easy to cut away or damage this 
muscular ring, even while apparently leaving the connections between 
auricles and ventricle intact. I have however succeeded in removing 
the two ganglia without injury to this ring as follows. I first opened 
and removed a portion of the apex of one auricle, washed out and at the 
same time slightly distended the heart with a jet of normal saline solu- 
tion, so as to bring the septum into view: I then seized the septum 


_ with a pair of fine forceps and gently drew it forward, until the two white 
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masses of the auriculo-ventricular ganglia could be plainly seen. With 
a fine pair of scissors the septum and the two white masses were now 
carefully cut away, great care being taken not to injure the auriculo- 
ventricular ring itself, After the operation the sequence con- 
tinued just as well as before, every auricular contraction was 
followed by a ventricular contraction without any prelimi- 
nary standstill or alteration of any kind. The parts that had 
been cut away were placed in osmic acid, and the two nerves of the 
septum terminating in the two well-known bulbous ganglionic masses 
together with portions of the auriculo-ventricular valves were well 
shown. 
From what has been already said, it is evident that if this muscular 
ring be either much injured or cut away, a more or less complete block 
in the passage of the contraction from auricle to ventricle must take 
- place, just as a block can be always caused in the passage of the con- 
traction wave from any one to any other part of the heart of the tor- 
toise. Eckhard’s’ description of the result of his experiments shows 
to my mind clearly that he had produced, by his method of procedure, 
such a block, which at first was complete, so that the ventricle remained 
still, then was partial, so that a certain number of contractions of the 
ventricle took place, and finally had almost though not quite disap- 
peared. The dependence of these ventricular contractions, which he 
observed after extirpation of the two ganglia, upon the contractions of 
the auricle, and therefore the independence of the sequence upon the 
— Integrity of these ganglia, could not require a better proof than he him- 
self gives*, viz. that stimulation of the vagus outside the heart 
brings these ventricular contractions to rest at the same 
time as the contractions of the auricle, In other words, stimula- 
tion of the nerve is able to influence in the same manner, at the same 
i moment and to the same degree, the contractions of the auricle and these 
| i supposed independent contractions of the ventricle, although the nerves 
» | of the septum and the two auriculo-ventricular ganglia had been removed. 
& i, If, then, the ventricular contractions in this case were really independent 
i - of the auricular, the influence of the vagus must have passed to the 
mn ventricle over the tissue of the auricles, apart from the direct route by 
i the large nerve trunks from the sinus to the ventricle; a mode of 
i action which is not only extremely unlikely, but is also contrary to all 
experimental evidence afforded by the heart of the tortoise. If, on the 


i 1 Op. cit. 2 Op. cit., p. 198. 
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other hatid, these céntractions were not really independent of those of 
the auricle, but only appeared to be so owing to a blocking of the con- 
traction wave in its passage from the auricle to the ventricle, then 
naturally when all auricular contractions were stopped by the stimula- 
tion of the nerve the ventricular contractions ceased also. Similarly the 
experiments of Marchand’ do not in the smallest degree prove that the 
sequence of the contractions depends on the integrity of the auriculo- 
ventricular ganglia ; they simply show that if a sufficient amount of the 
muscular ring at the auriculo-ventricular junction be cut away, the block 
so caused may be permanent, and that in some of the pieces so cut 
away ganglion cells may be found. 

Again, from what has already been said in Part I, those very parts 
which possess a less developed muscular structure possess also greater 
rhythmical power than those which have attained a higher develop- 
ment. As we pass from the sinus along the junction wall of the auricles — 
to the auriculo-ventricular ring, and from thence to the muscular tissue 
of the bulged portion of the auricles and ventricle, we find evidences of . 
successive grades of rhythmical power in fair correspondence with the 
grades of development of the tissue. The study of the development of 
the heart shows that it is originally a simple tube with muscular walls 
from end to end of which waves of contraction pass; a portion of this 
tube expands to form the auricles and another portion to form the ven- 
tricle; these two being connected by an unexpanded part called the 
canalis auricularis, which gradually disappears as the auricles and ven- 
tricle bulge more and more, until the original tubular heart becomes 


converted into a series of cavities with constrictions between them. If 


in this process those parts which expand take on a higher development 
for the purpose of executing more rapid contractions, and if this expan- 
sion did not include quite the whole circumference of the auricular por- 
tion of the tube, we should have in the adult heart the remnant. of the 
original tube represented both in the arrangement of its fibres and in 
function by the ground fibres of the sinus, the sino-auricular ring, the 
junetion wall between the auricles, and the auriculo-ventricular ring. 
According to this view, then, we can conceive that the variations in 
rhythmical power and in conductivity which are characteristic of the 
different parts of the adult heart of the tortoise may all be accounted 
for on the supposition, that the development of the muscular tissue of. 
the originally tubular heart has not proceeded at the same rate through- 
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out the tube; so that in the adult heart greater variations in rhythmical 
power are apparent in the different sections of it than in the original 
tubular heart; the peristaltic wave of contraction which originally 


passed smoothly from end to end, passes finally along a tube of irregular 


calibre, the muscular walls of which have become so modified in their 
rates of contraction and conduction, as well as in the arrangement of 
their fibres, as to form out of a simple peristaltically contracting tube 
such an efficient muscular pump as is represented by the adult heart. 
Such a conception is entirely in accordance with all experiments 
which I have had an opportunity of making on the hearts of animals 
lower than the tortoise. In the skate especially, which possesses a large 
strong muscular conus arteriosus, the passage of the peristaltic wave of 
contraction can be easily observed. I have not yet had an opportunity 
of studying the action of the skate’s heart to any extent; the following 
observations being the results of an examination of two large skates, 
weighing respectively about 60 and 40 pounds, which I had the oppor- 
tunity of making this last summer during a yachting trip along the 
west coast of Scotland. The hearts were examined on the deck of the 
yacht almost immediately after the skates were taken out of the water, 
and were found to be beating vigorously and regularly, with a good 
supply of blood in them. The muscular fibres of the large fleshy conus 
arteriosus are arranged circularly, and merge imperceptibly into the 
muscular structure of the ventricle. The heart beats somewhat slowly, 
with great regularity, in the order auricle, ventricle, conus, and it is 
plainly evident that the contraction passes along the conus in the form 
of a peristaltic wave. Again, if the auricle is slit up in the same way as 
described for the tortoise, a very long strip of auricular tissue is ob- 
tained, along which each beat travels most plainly to the ventricle in 
the form of a peristaltic wave, which again reappears as soon as the 
contraction reaches the conus arteriosus. The peristaltic nature of the 
beat of the whole heart could not be demonstrated more clearly than in 
the simple heart of the skate. Further, the rhythmical powers of the 
conus are nearly as great as those of the sinus; when isolated it con- 
tinues to beat with great regularity, waves of contraction following. 
one another as readily as in the case of the isolated sinus; this rhythm 


does not depend on any particular part, one piece continues to beat: as 


well as another. 

What, however, is most striking of all, and shows the near sakation’ 
ship between the rhythm of the conus arteriosus and of the sinus, and is 
the strongest argument in favour of the development of the heart from an 
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original muscular tube, of which the rhythmical properties are nearly 
the same throughout, is the ease with which in the skate’s heart a reversal 
in the order of the contractions can be brought about, i.e. the rhythmical 
preponderance of the sinus end of the tube be transferred to the conus 
end, and vice versd. If, when the heart is beating normally, the conus 
arteriosus be touched with the sharp point of a knife, a contraction 
wave is immediately started in it which when it reaches the ventricle 
causes a contraction of the ventricle, and then in due sequence of the 
auricle. After this interpolated contraction wave, due directly to the 
stimulus, a slight pause takes place, and then for some minutes the 
heart beats with regular contractions in the order conus, ventricle, 
auricle, each beat commencing with a distinct peristaltic wave running 
along the conus into the ventricle. Another slight pause then occurs, 
and the heart resumes the normal order of its contractions. In both 
the instances observed by me, the rate of the contractions started from 
the conus end was somewhat quicker than the normal rate from the 
sinus end. Further, if the sinus or junction of the sinus with the auri- 
cles be gently stimulated, when in consequence of a previous stimulation 
of the conus the order of the peristaltic contraction has been reversed, 
then immediately a second reversal takes place, and the contractions 
recommence at the sinus end. In this way I was able, by alternate 
slight momentary stimulations of the conus arteriosus and of the sinus, 
to make the heart of the skate beat in a way similar to the Ascidian 
heart, in which the normal beat consists of a series of waves of contrac- 
tion passing alternately in opposite directions. In fact, we see that in 
the Ascidian the rhythmical power of the two ends of the heart is so 
nearly equal, that the contractions start with equal, or nearly équal 
facility from either end, and the alternation of the direction of the con- 
tractions is in all probability due to some slight stimulus alternately 
affecting first one and then the other end, such as an increased blood 
pressure due to the flow of blood in one direction, which would act as 
a stimulus chiefly upon that end towards which the contraction waves 
had been previously travelling’. In the skate we reach a higher stage 
than this, the difference between the aortic and venous pressures alone 
does not constitute a stimulus sufficient to overcome the greater rhyth- 
mical power of the sinus, and therefore to reverse the order of the con- 


2 In the paper by Foster and Dew-Smith upon the effects of electricity applied to the 
hearts of Mollusks (Proc, Roy. Soc. No, 160, 1875) an observation of Dew-Smith is men- 
tioned, which showed that the interrupted current when applied to the heart of the Salpa 
caused that heart to beat for two minutes entirely in one direction. 
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tractions; a slight mechanical stimulus is required in addition in order 

to give such a preponderance to the rhythmical power of the conus arte- 
riosus a8 is necessary for the production of a rhythmically contracting 
heart, in which the direction of the contractions is reversed at regular 
intervals, Again, the cardiac nerves of the skate, like those of all ver- 
tebrata, enter the heart at the venous end, and from thence are distri- 
buted over the heart; ganglia therefore ate found plentifully in the 
sinus, and disappear before the conus arteriosus is reached; in the 
conus, as in the bulbus' of the frog, ganglia are not to be found. Not 
only then does the skate’s heart afford a good example of the peristaltic 
nature of the heart’s beat, but it also gives a new proof that the 


starting point of these peristaltic contractions is determined 
by the nature of the muscular substance rather than by the 


presence or absence of ganglion cells. 

In the frog, as well as in the skate, there is evidence to show that 
the rhythmical powers of the muscular tissue of the bulbus are more 
nearly allied to those of the sinus than of the bulged portions of the 
ventricle, Thus Engelmann has shown not only that the bulbus is free 


_ from ganglion cells, but also that its rhythmical power is much greater 
than that of the muscular tisstie of the ventricle. The length of the 
standstill after isolation, the rapidity of development of its full rate of 


rhythm when distended with serum, and the regularity of that rhythm, 
all poit to a rhythmical power inherent in the muscular tissue of the 
bulbus, which is greater than that of the muscular tissue of the apex of 


. the ventricle. 


The conception advanced above, that the rhythmical beating of the 
heart is due to a series of peristaltic contractions which start from that 


particular portion of the muscular tissue of the heart in which the pro- 


perty of automatic rhythm has been most largely developed, brings the 
heart’s action into harmony with the rest of the vascular system and 
with the rhythmical properties which are so often manifested by the less 
specialized forms of muscular tissue, The experiments of Luchsinger’ 


_ have shown not only that the regular well-marked rhythm of the veins of 


the bat’s wing is due undoubtedly to peripheral and not to central causes, 
but also that the rhythm resembles that of the apex of the frog’s heart 
in its dependence upon a certain amount of pressure within the veins 
themselves. In this case then, as well as in the strictly analogous case 


1 See Engelmann, Op. cit. 
Pfliiger'’s Archiv, Vol. xxvi. p. 445. 
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of the middle third of the ureter’, we have in all probability an instance 
of a rhythm dependent upon the special development of a particular 
function of the muscular tissue, and not upon the hypothetical existence 
of ganglion cells, 


PART ITI. 


On the action of the cardiac nerves. 


Stimulation of the vagus nerve in the frog is able to produce two 
opposite effects upon the rate of rhythm of the heart, either slowing 
and standstill or else acceleration. In my former paper, read before the 
Royal Society in Dec. 1881*, I have shown clearly that these two effects 
are so far independent of each other that the acceleration may occur 
without any previous slowing. Again, the experiments of Nuél* have 
shown that the vagus can produce a diminution of the force of the 
auricular contractions independently of any action upon the rate of 
rhythm. In my paper I have shown that this diminution of the force 
of the contractions occurs both in the auricle and ventricle and is 
followed by a most remarkable increase in the force of the contractions, 
and that these two effects are so far independent of each other that 
_ the augmentation of force may occur without any previous diminution. 

I have also drawn attention to the fact that the vagus can produce 
an apparent standstill by the reduction of the contractions of the auricle 
to the point of invisibility. Further, it was pointed out that the vagus 
caused the ventricle to beat for a time synchronously with every con- - 
traction of the auricles when in consequence of the tightness of the 
clamp in the auriculo-ventricular groove, or by heating the auricles and 
sinus without heating the ventricle, it was beating after every second 
auricular contraction or else was absolutely quiescent while the auricle 
still continued beating. The reverse effect to this was also seen, the 
ventricle responded to fewer auricular contractions, or in other ‘cases 
the apex of the ventricle responded to fewer base contractions during the 
stimulation than before. So too when the ventricle was beating with 
alternately weak and strong contractions, the vagus removed this 
alternation during the time when it atgmented the force of the con- 
tractions, and when it was previously not present caused it to appear 


1 Sokoloffand Luchsinger. Pfliger’s Archiv, Vol. xxvt. p. 464. 
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during the time of stimulation coiticidently with the diminution of the 
force of the contractions. Assuming, as I did in that paper, that the 
auricular and ventricular. contractions were due to impulses proceeding 


from certain motor nerve centres I imagined that these experiments 
proved that the vagus had the power of both diminishing and increasing 
the excitability of the ventricular muscle. Subsequently however’ my 
experiments on the tortoise convinced me that such an interpretation 
was erroneous, and that in reality both sets of phenomena were proofs 
that the vagus was able to diminish and to restore the conduction power 
of the auricular as well as of the ventricular muscular tissue. Finally it 
was shown that the vagus was able to diminish the tonicity of the cardiac 
muscle even when the rate of rhythm was unaltered, but that any 


evidence of an increase of tone was doubtful. 


For the investigation of the action of the cardiac nerves, as well as 
for the study of the rhythm of the heart, the tortoise offers special 
facilities over the frog. Not only is the heart more adapted for manipu- 


lation owing to its greater size and the external position of its intra- 
.cardiac nerves, but it. is specially suitable for the examination of the 


vagus action owing to the presence of the coronary nerve. I propose, 
therefore, to examine in order, the effect of the stimulation of the cardiac 


nerves upon the rhythm, the force of the contractions, the conduction 


power, and the sequence of the contractions, and afterwards to combine 
the results of my experiments on the frog with those on the tortoise, 
and see to what conclusions they lead. 


On the action of the vagus nerves on the rhythm of the tortovse heart, 
whether that rhythm originates in the sinus or in other parts of 
the heart. | 


The results of stimulation of the vagus nerves upon the suspended 
tortoise heart. are very much more constant than in the case of the frog 
or toad. Standstill can always be obtained, whatever may be the time 
of year, when the right vagus is stimulated. And though the standstill 
is frequently followed by acceleration, in no case have I seen any 
evidence of primary acceleration. The left vagus is much less effective 
on the rhythm than the right. As a rule the same strength of stimula- 
tion which when applied to the right nerve produces marked slowing or 
absolute standstill, is without effect on the left nerve as far as the 
rhythm is concerned. With a stronger stimulation the left nerve very 


1 'Phis Journal, Vol. 1. p. 369. 
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often causes a distinct slowing which seldom if ever reaches absolute 
standstill ; in many cases even when the stimulation is very strong the 
rate remains absolutely unaltered. This distinction between the right 


and left nerves of the common tortoise, obtainable in England (Testudo 


Greeca), is evidently of the same nature as that observed by A. B. Meyer’ 


in another species (Hmys Lutaria), in which the left vagus was entirely 
unable to affect the rate of rhythm, and shows distinctly that only a 


certain number of the nerve fibres which are contained in the two vagi 
nerves have any direct influence upon the rhythm, or according to the 
view already put forward, the nerve fibres supplying those mus- 
cular fibres of the sinus which by their automatic contrac- 
tions originate the rhythmical beats of the heart run almost 
exclusively in the right vagus nerve. 

When the heart is slowed or reduced to standstill by stimulation of 
the vagus this slowing is often followed by distinct acceleration. The 


‘maximum increase of rate during this after-acceleration is as a rule 


much less marked than in the ease of the frog, but on the other hand 


the quicker rate lasts a much longer time. The maximum of this rate 


cannot be increased by repeated stimulations of the nerve, so that it 
frequently happens that the first stimulation alone produces any 
after-acceleration, the subsequent stimulations serving only to make 
that quicker rate more permanent, and not being able therefore to 
produce any after-acceleration themselves. The after-acceleration is 
most evident when the heart is beating slowly, and indeed in most 
cases where the heart is beating fairly rapidly when first suspended, the 
augmentative effects due to the stimulation of the nerve are manifested 
not so much by any distinct acceleration as by the maintenance of’ the 
original rate of rhythm. When the heart is left to itself the rate 
of rhythm very slowly and gradually diminishes as is seen in Plate IT., 
Fig. 2. 

Further, the existence of the coronary nerve in the tortoise gives us 
an excellent opportunity of determining whether the intra-cardiac nerve 
trunks between the sinus and the ventricle are able to influence the 
rate of rhythm or not. As has been already mentioned no effect what- 
ever is produced by its section. If it be cut close to the sinus and its 
peripheral end* stimulated, the rate of beat continues absolutely the 
same, it is impossible by any strength of stimulus to alter the rate of 


1 Hemmungsnerven System des Herzens. Berlin, 1869. 
* By the peripheral end I mean‘the end in connection with the ventricle ; by the central 
end, the end connected with the sinus. 
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the sinus rhythm by stimulating nerve fibres which are no longer in 
direct connection with the sinus but only with the auricles and ventricle 
through the auriculo-ventricular ganglia. In Fig. 5, Pl. IV., I give a 
typical example of the effect of stimulation of the right vagus, the left 
vagus and the peripheral end of the coronary nerve; in all three 
cases both the strength and the length of the stimulation was the 
same. 

On the other hand, if the coronary nerve be cut close to its en- 
trance into the auriculo-ventricular groove and the central end stimu- 
wy lated, then in most cases a decided slowing of the rate takes place. 
i In Fig. 6, PL IIL, I give two consecutive stimulations of the central 
ig end of the coronary nerve. As is seen the stronger stimulation slowed 
the rhythm most decidedly, while the weaker one produced no effect, on 
the rate of the contractions, but only upon their force. In all cases in 
| | which I have obtained decided slowing upon stimulation of the central 
end of the coronary nerve, the effect has only been produced with a 


fairly strong stimulus, so that doubts arise in my mind whether such 
slowing was not in reality due to escape of current, owing to the short- 
ness of the nerve. I am however inclined on the whole, for the following 
reasons, to think that the effect was truly due to nervous influence, If 
the auricles be cut away from the ventricle without cutting the coronary 
nerve and vein, then the ventricle and the end of the coronary nerve 
which is in connection with the auriculo-ventricular groove will in a 
large tortoise be some distance away from the sinus, so that if one 
q electrode be placed on the ventricle, and the other on the coronary 
. | _ nerve just at its entrance into the ventricle, the electrodes will be well 
§ | removed from the sinus, and yet in this case the stimulation of the 
nerve is still able to cause slowing. Also it happens occasionally that 
the free coronary vein is not accompanied by any nerve, or at all events 
only a very insignificant branch; stimulation of the vein in these 
circumstances whether of the central or the peripheral end does not 
produce the slightest effect either upon the rate of rhythm or the force 
of the auricular contractions, even with a much stronger current than 
is necessary to produce slowing when a well defined nerve is present. 
Finally, as will be proved in the next section, it is clear that impulses 
can pass from the ventricle to the sinus, which are able to influence the 
contractions of the auricular muscle, and therefore it is highly probable 
ih that similar nervous arrangements should exist for the regulation of the 
| rhythmical contractions of the sinus muscle. 
i Combining the results of these experiments with the conclusions of 
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Part I. of this paper, we see that the rate of the automatic rhythmical 
contractions of the muscular tissue of the sinus are regulated by 
nervous impulses which pass centrifugally to the sinus from the central 
nervous system, or centripetally from the other parts of the heart. The 
muscular tissue of the sinus however is not the only rhythmical tissue 
of the heart; when the sinus is removed regular contraction waves still 
pass over the heart which originate from that part of the remaining 
muscular tissue which possesses the greatest rhythmical power. It is 
then of great interest to see whether the vagus possesses the same power 
of inhibiting the rhythm when that rhythm is no longer associated 
with the sinus, but originates in the muscular tissue of the junction 
wall between the auricles or in the auriculo-ventricular ring. Such an 
investigation is rendered possible in the tortoise by the presence of the 
coronary nerve. If the auricle be attached to the upper lever, the - 
ventricle to the lower, and the sinus be separated from the auricle by a 
section which does not include the coronary nerve, then the auricle and 
ventricle are connected with the body of the animal by the coronary 
nerve alone, and stimulation of the right vagus in the neck can affect 
their contractions only by nervous action through the coronary nerve. 
As has been already explained the isolated auricle and ventricle will — 
after a longer or shorter pause comimence to beat entirely independently 
of the sinus, slowly at first, and finally more quickly and with great 
regularity. When this independent auriculo-ventricular rhythm has 
become regular the right vagus can be stimulated and any alteration of 
rhythm observed as easily as in the whole heart. In Pl. IIL, Fig. 7, 
I give an example of the commonest effect produced, the whole action 
of the nerve is upon the force of the auricular contractions, the rhythm 
remains unaltered, although at the same time the sinus rate was 
absolutely inhibited. In the preliminary communication to this paper’ 
I have stated that the rate of this independent rhythm is never affected 
by stimulation of the right vagus in the neck. At that time I had 
only made very few experiments of this kind, and in none of them had 
I seen any alteration of rhythm. Since then however I have again 
repeated this experiment, and in one case obtained most marked 
evidence of complete inhibition of this independent auriculo-ventri- 
cular rhythm with every stimulation of the right vagus nerve in the 
neck. During the whole time of the stimulation of the nerve the 
rhythm ceased entirely, and that this was no chance occurrence was 


1 Loc. cit. 
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seen from the fact that it occurred with certainty with every stimula- 
tion of the nerve, and never at other times. I had previously noticed 
that direct stimulation of the coronary nerve was apparently sometimes 


able to slow, sometimes to quicken this independent rhythm to a slight 


extent, but as it was possible that this effect might be due to escape of 
current owing to the shortness of the nerve, I was unwilling to accept 
it as evidence of nervous action upon this rhythm, unless it were con- 
firmed. by similar results following upon the stimulation of the nght 


vagus in the neck, when the coronary nerve was the only means of 
communication left between the vagus and the auricle and ventricle. 


Although up to the present time I have only seen one manifest instance 
of inhibition of this rhythm upon stimulation of the vagus nerve in the 


neck, yet in my opinion that one instance of positive action outweighs 


all the simply negative experiments; for it is not easy to explain this 
particular marked case of inhibition if it were not due to nervous 


action, while it is easy to see how the rhythm might remain unaffected, 


even though the stimulation of the nerve was effective in other ways 
such as in influencing the force of the auricular contractions. In all 


probability the explanation is simply as follows: When the coronary 
nerve happens to contain fibres which supply the particular muscles 
which originate the independent rhythm, then stimulation of the vagus 


can inhibit that rhythm; in the opposite case the rhythm is unaffected 
just as Meyer found for the sinus when the left nerve of certain tortoises 
was stimulated. When therefore we consider that the coronary nerve is 


only one of various. nerve trunks which pass from the sinus to the 


ventricle, and that the auriculo-ventricular rhythm which arises after 
removal of the sinus starts from different places in the junction wall 
between the two auricles or in the auriculo-ventricular muscular ring, 
according to the situation of the section by which the sinus is removed, 
the probability is great that the automatic rhythm of all parts of the 
heart can be inhibited by the vagus nerves, when those nerve fibres are 
stimulated which supply directly the muscular fibres upon which the 
automatic rhythm in question depends. | 

Further, experiment proves that the vagus possesses no power indi- 


‘rectly over this rhythm. If the auricle be slit up as described in Part 
‘IL., so that all the nerve trunks between sinus and ventricle are cut, and 


yet the slit has not been carried far enough to cause a block in the 


auricular contraction wave; and if from any cause, such as the flow of 


blood through the coronary vessels, an independent ventricular rhythm 
has been set up, that rhythm remains latent, and cannot make itself 
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apparent, because the ventricle is compelled to contract in due sequence 
with the more rapid contractions emanating from the sinus. When 
however the right vagus is stimulated and a standstill of the sinus is 
thus produced, then during this standstill the independent ventricular 
contractions are able to appear, and are sometimes followed, sometimes 
preceded, by an auricular contraction. The effect of the nerve stimula- 


tion is therefore to bring to light the hidden independent ventricular 


rhythm which it is unable to-inhibit, although it is able to affect the 
force of the auricular contractions which accompany it. That these 
beats are clearly due to the unmasking of a concealed rhythm which has 
been developed at the auriculo-ventricular junction by the action of the 
pressure of blood in the coronary vessels is made very evident by the 
simple device of slitting the auricle still more until a complete block is 
caused, or by cutting away the ventricle with its part of the auricle from 
the sinus. It is then found that the ventricle is beating at the rate 
which was disclosed during the last’ stimulation of the vagus, and that 
stimulation of the nerve causes now an absolute standstill of the sinus 
and of the part of the auricle in connection with it. Occasionally I have 
noticed the same manifestation of a ventricular rhythm during vagus 
standstill, when the main nerves passing from the sinus to the ventricle 
have not been previously cut. In these cases there has always been 
some external cause for the development of this ventricular rhythm, 
such as the presence of the clamp in the auriculo-ventricular groove, 
which may have been sufficient to prevent. any inhibitory action of the 
cardiac nerves upon this rhythm. In the following case, each successive 
stimulation of the right vagus brought to view the successive stages of 
the development of this hidden ventricular rhythm in the neatest 


manner, 


Feb. 13, 1882. Plate IV., Fig. 8, curves1.—v. The heart was suspended | 
and held by a clamp placed in the auriculo-ventricular groove and screwed 
tight enough to hold the tissue without preventing the due sequence of the 
ventricular upon the auricular beats. The right vagus was then stimulated 
at different intervals throughout the experiment. Curves 1.—-v. represent the 
effects of the several stimulations. As is seen the nerve in no case caused 
complete standstill and with each successive stimulus a greater number of 
regular contractions occurred during the stimulation. Jn every case these 
contractions passed in the reverse direction, the ventricle contracted first and the 
auricle followed. In the figures the arrow with the letters V.A indicates 
where this reversal began and the arrow with the letters A. V indicates the 
point of return to the normal direction of the sequence. The gradual and 
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regular increase in the rate of these V. A contragtions thus brought to light 
is exactly similar to the development of the rhythm in the isolated ventricle 
or auricle and shows that such a development was going on during the whole 
time of the experiment. When the ventricle was isolated by clamping and 
section it was found to be beating with great regularity at the same rate as 
during the last. vagus stimulation in curve v. 


In these cases the independent rhythm of the ventricle was at no time 
quicker than the rhythm of the sinus, and therefore was entirely con- 
cealed until the sinus rhythm was brought to a standstill by the action 
of the vagus nerve. If however. after section of the coronary veins 
the rhythm of the sinus be artificially slowed by the application of cold 
salt solution, while that of the ventricle is at the same time developed 
and quickened by sending a warm blood solution through its coronary 
vessels, then as soon as the ventricular rhythm reaches a rate quicker 
than that of the sinus, the latter is concealed by the quicker ventricular 
rhythm, and we have the phenomenon of a regularly beating heart, in 
which every contraction starts from the ventricle and passes through 
the auricle to the sinus. Upon then cutting away the ventricle, the 
slow sinus rhythm is immediately manifested. Thus the automatic 
sinus rhythm can be obscured by a quicker ventricular rhythm just as 
the automatic ventricular — can be obscured by a quicker sinus 
rhythm. 


of the auricle, ventricle, and sinus. 


According to the principles previously laid down, we have already 
examined the action of the cardiac nerves upon one of the properties of 
the cardiac muscular tissue, viz. the property of rhythm, and have 
therefore confined our attention exclusively to the relation of the cardiac 
nerves with those particular portions of the cardiac muscle in which the 
rhythmical power has been preeminently developed. We have now to 
consider sertatim the action of the nerves upon the other properties of 
the cardiac muscular tissues, and in the first place their action upon 
the contraction force. The movements of the upper and lower levers 
register the contractions of the whole auricle and ventricle, i.e. the con- 
_ tractions of the reticulated fibres of these two cavities which form by 
far the largest mass of muscular fibres. In considering, then, the varia- 
tions of contraction force produced by nervous action, we are essentially 
considering the relations of the cardiae nerves, in one respect at all 
events, to a group of muscle fibres different in arrangement and charac- 
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ter to those which were treated- of when the action of the nerves upon 
rhythm was discussed. 

In the course of the last year I have accumulated a large number 
of curves illustrating different experiments on the heart of the tortoise, 
and as the greater number of experiments commenced with the stimu- 
lation of the right and left vagus nerves, and in many cases of the 
coronary nerve as well, I am enabled to compare the action of the three 
nerves in a large number of cases. In all cases the result of stimulation 
is wonderfully constant, and is well represented in Fig. 5, Pl. IIL. 

a. In all cases the auricular contractions only are affected by the 
stimulation, the ventricular contractions are never directly influenced in 
the slightest degree. 

_b. The contractions of the auricle are always markedly Ciiaiehe 
in strength during the stimulation of the nerves. 

c. The contractions of the auricle are increased i in strength after 
the end of the stimulation. 

ne The strength of the ventricular contractions is uninfluenced by the 
stimulation of the nerves. The contractions of the ventricle are affected 
simply by the alteration of rhythm produced by the stimulation of the 
nerve. It must always be borne in mind that the force of the contrac- 
tion of the cardiac muscle, whether of the ventricle or of the auricle, 
varies inversely as the rate of the contractions up to of course a certain 
limit. The normal rate of heart beat, whether in the frog or the tor- 
toise, is quicker than the rate at which the maximum contractions 
would be produced. In consequence, any slowing of the rhythm will 
necessarily of itself produc: contractions of greater strength than the 
normal, and any increase of rate will diminish the force of the contrac- 
tions in due proportion. Such an alteration in force is the sole variation 
which the ventricle exhibits when the cardiac nerves are stimulated. 
Thus the contractions are greater when the right vagus is stimulated in 
strict accordance with the extent of the slowing produced by that 
stimulation; they are absolutely unaltered when the coronary nerve is 
stimulated because that nerve does not affect the rate; they are either 
unaltered or increased in force when the left vagus is excited according 
as the nerve is without effect upon or somewhat slows the rhythm. 
During the after-acceleration, which is sometimes fairly well marked, — 
they are diminished in size in proportion to the extent of the accelera- 
tion. In no case have I seen any evidence that the cardiac nerves have 


the slightest power over the force of the contractions of the ventricular 
muscle, 
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When we compare the curves illustrating the action of the nerves 
on the contractions of the frog’s ventricle’ with those obtained from the 
tortoise, the absolute indifference displayed by the ventricle of the latter 
to all nervous action becomes most puzzling and most astounding. That 
the vagus should have the same action upon the strength of the contrac- 
tions of the frog’s auricle, the frog’s ventricle, and the tortoise auricle, 
and yet be powerless to affect the contractions of the tortoise ventricle, 
leads instantly to the examination of the differences between the ventricle. 
of the frog and of the tortoise, which are likely to be the cause of the 
marked contrast in the behaviour of the two hearts. My attention was 
naturally directed in the first place to the coronary system possessed by 
the ventricle of the tortoise. Brown-Sequard long ago suggested that 
the vagus was the vaso-motor nerve of the heart, and it was therefore 
possible that the force of the contractions of the ventricle of the tortoise 
might be regulated by the dilating or constricting action of the vagus 
nerves upon the coronary vessels; this seemed especially probable when, 
as already mentioned, it was found that the force of the contractions of 
the ventricle, as well as the rate of its automatic rhythm, varied directly 

an with the pressure of the blood in the coronary arteries. Naturally such 

| | an influence if present would not be manifested in the bloodless heart 

a cut out of the body and suspended according to my usual method. 

£ I therefore examined the action of the vagi nerves when the circulation 
was intact, and also when an artificial circulation was passing through 
the coronary system of the ventricle. The contractions of the ventricle 
and auricle can be registered by my method just as easily when the 
heart is left in situ within the body as when it is cut out and suspended. 
A thread is attached to the apex of the ventricle and to the extremity 
of a thin rod fixed firmly at right angles to the lever near its fulcrum. 

: When the lever is horizontal and placed over the body of the animal, 

this rod projects vertically downwards so that the thread between the 
apex and the extremity of the rod is horizontal, and the ventricle there- 
fore is not pulled out of its normal position. By this means the con- 
tractions of the ventricle are registered by the movements of the lever 
in a vertical plane in precisely the same way as in the suspended heart. 
In the suspended heart the fixed point between the auricles and ven- | 

! tricle necessary for the registration of their separate contractions is" 
at obtained by the use of the clamp or by holding the aortic trunk firmly. 
Bhi In the heart with the blood flowing through it in the body I hold the 


i 1 Phil. Trans. 1882, Pt, 11. 
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sorta firm by passing a thread partly through the thickness of its walls 
and then tying it tightly to the extremity of a fixed rod which touches 
the aorta at that point. Under these circumstances stimulation of the 
vagus produced precisely the same curves as in the suspended heart ; 
the force of the ventricular contractions varied with the rate only and 
was entirely uninfluenced by the action of the nerve. Fig. 9, Pl. III. 
The same negative result followed when in the suspended heart an arti- 
ficial blood solution was allowed to flow through the coronary system of 
the ventricle under a constant pressure. In this series of experiments 
either a slit was made in the bulged portion of the auricle in order to 
prevent the distension of the heart cavities with blood, or the auricles 
were entirely removed with the exception of the junction wall along 
which the nerve trunks pass to the ventricle; or the coronary nerve 
alone was left as the means of communication between the ventricle and 
the sinus. In none of the curves, however, whether the pressure in the 
coronary system was small or great, whether the ventricle was beating 
in response to the auricles or with its own independent rhythm, was 
there any evidence that the vagus nerves are able to influence the force 
_of the ventricular contractions. We must then seek for some other 

cause than the presence of a coronary system in order to account for the 
indifference of the muscular tissue of the tortoise ventricle to vagus . 
stimulation. 

b. The contractions of the auricle are diminished in strength during 
the stimulation of the nerves. All three nerves act in the same man- 
ner upon the contractions of the auricle, as is shown in Fig. 5, Pl. III. 
During the stimulation the contractions are most markedly diminished 
in force-quite independently of the action of the nerves upon the rate 
of rhythm, and in fact in this respect the left vagus often appears to 
possess greater power than the right. Occasionally, as mentioned in my 
preliminary paper’, the right nerve loses this power to « greater or less 
extent after section of the coronary nerve, although naturally its effect 
upon the rate of rhythm is as powerful as ever. It is evident, then, 
that those nerve fibres which supply the bulged portion of the auricles 
run in both vagus nerves and pass to the auricles not only from the 
nerve trunks in the sinus but also from those in the junction wall of the 
auricles, even after they have reached the auriculo-ventricular groove. 
These nerve fibres are in no way dependent for their action upon those 
which supply the rhythmical tissue of the sinus, as is shown plainly 


1 Loe. cit. p. 872. 
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enough by the similar effect produced by the right, left, and coronary 
nerves, and still further by the action of the right vagus when the 
coronary nerve is the only channel left by which nerve impulses can 
reach the auricle. As has been already described, a regular independent 
auriculo-ventricular rhythm is ultimately set up after separation of the 
auricle and ventricle from the sinus. The force of these auricular con- 
tractions can be diminished by stimulation of the right vagus in the 
neck (the coronary nerve being left intact) without any alteration of 
this rhythm, as is shown in Fig. 7, Pl. II]. At the same time the 
sinus may be reduced to standstill. Similarly, when the auricle is slit 
up so that a complete block occurs, and in consequence the sinus and 
that part of the auricle which is connected with it are beating at one 
rate while the ventricle and its part of the auricle are contracting inde- 
pendently at another rate, then naturally stimulation of the vagi nerves 
in the neck reduces only the contractions of the sinus-auricle, while 
stimulation of the peripheral end of the coronary nerve reduces only 
those of the ventricle-auricle, 

Again, stimulation of the central end of the coronary nerve may not 
only slow the rhythm but also diminish the force of the auricular con- 
tractions; that this result is not due to escape of current is shown by 
the effect of stimulating the surface of the ventricle when the coronary 
nerve is the only channel of communication between the ventricle and 
the sinus, In this case the auricle is left in connection with the sinus" 
and the electrodes placed on the surface of the ventricle at different 
distances from the auriculo-ventricular groove and the entrance of the 
coronary nerve into that groove, At distances from one to two centi- 
metres from the point of entrance to the nerve in the neighbourhood of 
the base of the ventricle, a decided diminution in the force of the 
auricular contractions without any alteration of rhythm may be produced 
when an interrupted current is sent through the small portion of the 
surface of the ventricle between the electrodes; and indeed I have seen 
_ this effect plainly manifested when the current was so weak that 
no contraction of the ventricle was caused by it. It would 
seem therefore that in the tortoise the cardiac nerves have no power 
over the force of the ventricular contractions, but that nervous arrange- 
ments exist by means of which the ventricle is able to regulate the force 
of the auricular contractions as well as in all probability the rate of 
rhythm, It is then conceivable that the function of many of the nerve 
fibres which pass into the ventricle is, by their action upon the force of 
the auricular contractions, to regulate the amount of blood thrown into 
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the ventricle and therefore the amount of work done by the heart. 
‘The nervous arrengeinents of the tortoise heart seem thus to bear out the 
view put forward by Roy’ that the work of the heart is governed hietly 
by the contraction of the auricle. | 

Tn speaking of the action of the vagus upon the contractions of the 
frog’s heart? I have proved that typical inhibition is often brought 
about without any alteration of rhythm by the diminution of the auri- 
cular contractions to the point of invisibility, a form of standstill described 
subsequently by Heidenhain®., In the tortoise I have never yet seen 
such a complete obliteration of the contractions of the auricle; although 
they may be very greatly reduced in force yet they are always visibly 
registered.. Again, another point of some interest is noticeable in all 
those curyes where the stimulation of the nerve has produced standstill. 
The first auricular contraction after the standstill is somewhat larger 
than the contractions immediately following it, although considerably 
smaller than the contractions before the commencement of the stimula- 
tion. This is well shown in Fig. 14, PL IV., and is clearly due to the 
antagonism between the augmenting effect of a longer pause and the 
diminishing effect of the action of the nerve. 

Finally the contractions of the sinus are diminished in force —" 
to those of the auricle, when the vagus nerves are stimulated. 

c. After the end of the stimulation the contractions of the juariote 
are increased in strength. Here again, just as in the case of the rhythm, 
the augmentation effects consequent upon nerve stimulation are much 
less marked than in the frog’s heart. In the latter the maximum 
increase in the strength of the contractions is rapidly attained and its 
extent is often very great; in the tortoise the increase of the auricular 
contractions after each stimulation is very slight but lasts over a long 
period of time, so that in the course of each experiment, when the vagus 
nerves have been stimulated many times, the net result upon the auri- 
cular contractions is a very marked increase in their strength. That 
such an increase is truly due to the action of the nerves and would not 
have occurred otherwise, is shown by experiments similar to that 
described on p, 57, where the contractions of auricle and ventricle were 
registered for many hours without any stimulation of nerves, and it was 
seen that the auricular contractions did not increase in strength from 


_ 1 This Journal, Vol. 1, p. 495. 
® Op. cit, See also Trans. of the Internat. Med. sdbscrmaetrs til Vol, 1. p. 257. 
§ Pfliiger’s Archiv, Vol. xxvu. p. 383. 
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the time of suspension onwards, but on the contrary, gradually steadily 
and persistently became smaller and smaller. 

This slow, gradual, and permanent improvement in the force of the 
auricular contractions is manifest after the stimulation of either the 
right vagus, the left vagus, or the coronary nerve; in fact, just as all 
three nerves are.able to diminish the strength of the contractions, so 


also are they able afterwards to increase that strength. Fig. 5, Pl. III. 


Here also as in the frog, toad, and rabbit the augmentation effects 
produced by the vagus are most manifest when the heart is beating 
weakly. The following example illustrates both the extent and the 
permanence of the augmentative effects of the nerve stimulation upon 
both the rate of rhythm and the strength of the contractions. 


Feb. 7, 1882. The heart was held by the clamp in the auriculo- 
ventricular groove so slightly that the ventricle was able to respond to every 
auricular contraction. The auricle was fixed to the upper, the ventricle to 
the lower lever. The tracings were made upon the blackened paper of a 
drum which completed one revolution in 12 minutes, The first five tracings 
were taken without any alteration in the conditions of the experiment, so 
that allowing for the time of changing drums, pauses purposely made during | 
the experiment, é&c., the fifth tracing was made at least 1} hours after the 


commencement of the first. 
Rate Height 

per min, in mm. 
At the commencement of curve 1. 775 22:5 ) R. vagus was stimulated 
At the end of curve. | 8:15 25:5 } once during this curve. 
At the commencement of curve II. ? 26°5 ) L. nerve twice stimulated 
At the end of curve 11. 8 30 } during this curve. 
At the commencement of curve 11. 7°75 33 ) R. vagus twice stimu- 
At the end of curve 111. 9°25 365 } lated. 
At the commencement of curve tv. 85 38 ) R. vagus twice stimu- 
At the end of curve rv. 95 38°5 lated. 


At the commencement of curve V. 8-25 38:5 


As is seen the strength of the contractions increased steadily after every 
stimulation whether of the right or left nerve, so that in less than 1} hours 
the height of contraction had increased to the extent of } of the original 


height. 


On the action of the cardiac nerves wpon the conduction power of 
the auricular muscle. 

The reticulated fibres of the auricle not only contract with a certain . 

degree of force, but their contraction takes place in the shape of a wave — 
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which passes from the sinus end over the.whole network of fibres to 
their termination in the auriculo-ventricular muscular ring. The power 
of the muscular tissue to conduct this wave of contraction is clearly 
as likely to be influenced by the cardiac nerves as the force of the 
contraction itself; and in fact, experiment proves that the right vagus, 
the left vagus, and the coronary nerve, all possess an influence over the 
conduction power, just as we have already seen that they are all able to 
influence the force of the contractions. In all probability then, the nerve 
fibres which supply the reticulated muscle fibres of the auricle produce 
_ changes which affect both the force “ the contractions and the power 
of conduction, 

When the auricle is slit up to a sufficient extent a partial block is 
always produced, such that only every second contraction which is started — 
from the sinus end passes over the block and produces a ventricular 
contraction. This is the condition which is most favourable for deter- 
mining the action of the cardiac nerves upon the conduction power, 
because it represents a condition intermediate between the two extremes 
of a complete block and no block at all; we can therefore study the 
variations in both directions. Evidently such a partial block may be 
increased by the action of the nerves and therefore only every third, 
fourth, &c. contraction be able to pass, or on the other hand the conduc- 
tion power may be improved and then every contraction will be able to 
pass. By careful manipulation the right amount of section necessary 
for the production of such a partial block is always attainable, and indeed 
this condition can be reproduced at will again and again in the course 
of a single experiment. I have already shown how, in the case of the 
frog, tightening of the clamp in the auriculo-ventricular groove produces 
a partial block, permitting only every second contraction to pass, and 
that this may last a considerable time or may give way to a complete 
synchronism of the auricular and ventricular contractions. In exactly 
the same way such a partial block of the auricular contraction wave in 
the tortoise lasts sometimes a long time without alteration, at other 
times lasts only a short time and then every contraction passes over. 
The application of 0°75 p.c. solution of salt to the blocking point is very 
efficacious in removing this partial block and causing every contraction 
wave to pass over, and then by simply drying with a piece of blotting 
paper the block can be brought back and again only every second 
contraction will pass. In this way by alternately moistening and dry- 
ing the blocking point I have been enabled to see again and again 
in the course of an experiment the formation and disappearance of such 
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a partial block. Hence it is necessary to be careful that any apparent 
removal of such a block by nervous action is not in reality due to a 
chance removal of the block coinciding with the time of the nerve 
stimulation. As a matter of fact such an explanation is out of the 
question; the large number of curves which I possess show that the 
coronary nerve us well as the right and left vagus possess the power of 
removing & partial block as conclusively as my former curves show the | 
same power in the vagus nerves of the frog. Again and again by care- 
ful section I have caused a partial block and watched for a long time 
the regular passage of every second contraction, and then after stimu- 
lation of one of the three nerves seen every contraction pass (see Figs. 
10, 11, PLIV.). This improvement of conduction power is, like the im- 
provement in the force of the contractions or the after-acceleration, spread 
over a long period of time, so that in most cases stimulation of the nerve 
removes the partial block altogether, and every contraction continues 
to pass with absolute regularity until by drying or further section 
the partial block is brought back. In the frog, on the other hand, as 
has been shown in my former paper, the restoration of the conduction 
power in consequence of nerve stimulation is not so lasting. Occasion- 
ally (see Fig. 10, Pl. IV.) stimulation of the vagus or the coronary nerve 
in the tortoise improves the conduction power for only a limited time 
after the stimulation, so that in these cases there can be no question as 
to the influence of the nerve; every second contraction passes before 
the stimulation, then during and after the nerve stimulation every 
contraction passes, and then again in a very short time only every 
second contraction is able to. pass. It does not seem to make any 
difference whether the nerve influence reaches the blocking point from 
the ventricular side or from the sinus side, whether therefore the coro- 
nary nerve or the right or left vagus nerves be stimulated. Some- 
times the conduction power is most easily restored by the coronary 
nerve, sometimes by the right or left vagus, and as a rule one nerve may 
be more efficient than the other two. Doubtless such differences are 
due to differences in the arrangement of the nerve fibres in each 
particular case, as well as to the exact position of the section by which 
the partial block was caused. | 

In the frog experimental evidence showed that nerve stimulation 
much oftener removed than increased a block in the contraction wave ; 
so too with the tortoise, I possess but few curves which show unmistake- 
ably any diminution of conduction power in consequence of nerve 
stimulation. Still, as Figs. 12, 13, Pl. TV. show, such an increase in the 
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extent of the block does undoubtedly sometimes occur. In these cases 
every second contraction was passing before stimulation of the right 
vagus and coronary nerves i diattahe and during the stimulation 
every contraction failed to pass. 

We may then say that both in the tortoise and in the frog the 
cardiac nerves are able both to depress and exalt the conduc- 
tion power of the muscular tissue of the auricle. The nature 
of this nerve action can only be examined after an answer has been 
given to the question, Under what conditions can a partial block be 
caused of such a character that only every second contraction wave 
passes the block? If the sinus and its connections with the auricle be 
removed and single induction shocks be sent through the sinus end of 
A, at regular intervals, so as to cause a regular series of —, 
traction waves, it is found that— | 

1. Variations in the strength of the stimulus have no effect upon 
the passage of the contraction wave over the block. If a contraction 
wave can pass at all, it will pass as well when caused by a weak as by a 
strong stimulus; if it cannot pass with a —_ stimulus, it will not 
with a stronger one. 

2. Two consecutive contractions cannot pass the block unless a 
sufficient time elapse between the contractions. Thus with single 
induction shocks every ten seconds all the contractions will pass or will 
not pass according to the extent of the section; but with the same 
severity of section when all contractions at ten seconds intervals are 
able to pass, it is possible that with single induction shocks every five 
seconds only every second contraction will pass. So too with a section 
such that all contractions at five seconds intervals can pass, it is possible 
that with three seconds intervals only every second contraction will 


Now we know from the experiments of Marey that a certain time 
must elapse after a contraction before the cardiac muscle is in a con- 
dition to contract again; in other words, the muscle takes time to re- 
cover its full excitability after a contraction. The same law applies 
to every portion of a cardiac muscle along which a wave of contraction 
travels, and we may therefore say that a certain time must elapse after 
a wave of contraction has passed over the muscle before the conduction 
power is sufficiently re-established to allow the passage of a second 
contraction wave. The effect then of the injury caused by the section 
together with the narrowing of the path of conduction is to retard this 
process of re-establishment of the conducting power; in consequence 
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a still longer time must elapse after a contraction wave has passed, 
before the tissue at the blocking point has recovered sufficiently to 
allow a second contraction to pass. 

Nervous action therefore removes a partial block; and 
enables every contraction to pass the blocking point because 
it expedites the recovery of the conduction power of the 
muscle at that point: a recovery which without the stimu- 
lation of the nerve would take place more slowly after — 


_ passage of each contraction wave. 


This repair of conduction power due to nerve action 18 sealieuity 
independent of the action of the nerves upon the force of the auricular 
contractions, When a partial block has been caused, so that every 
second contraction passes, and the right vagus nerve is stimulated, it 
frequently happens that from the commencement of the stimulation 
every contraction passes the block, although during the stimulation 
the force of the contractions of the sinus-auricle at all events is very 
markedly reduced. Since, however, this diminution is always accom- 
panied with considerable slowing, it is possible that in this case every 
contraction passes the block, even when the force of the contractions 
is reduced, because a sufficient length of time elapses between con- 
secutive contractions; and indeed, in those cases in which nerve stimula- — 
tion has caused a distinct increase in the block, whether the nerve 
in question be the right vagus, left vagus, or coronary, the rate of 
the contractions has never been appreciably slowed. Such an explana- 
tion however will not hold good in those cases, where by stimulation 
of the coronary nerve or the left vagus the force of the contractions 
is markedly reduced while the rate is left unaltered. In both these 
cases the force of the contractions may be markedly diminished and 
at the same time the conduction power as markedly increased, so that 
during the stimulation every contraction is able to pass, although before 
the beginning of the stimulation only every second contraction was 
passing. The evidence then goes to show that the same nerve may 
produce both an increase-or a diminution of the conduction 


power of the auricular muscle simultaneously with a di- 


minution of the force of its contractions. 

Finally, I have shown that in the frog. and toad the stimulation 
of the vagus is able to make the ventricle respond for.a time to every 
contraction of the auricles, even when in consequence of the tightening 
of the clamp in the auriculo-ventricular groove or of the application 
of heat to the auricles and sinus alone, it was unable to respond to 
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any single auricular contraction before the stimulation of the nerve. 
In other words, the vagus was able temporarily to remove a complete 
block in the passage of the contraction wave from auricle to ventricle. 
In the tortoise also it is possible to restore the conduction power by 
nerve stimulation even when the block is apparently complete. Natu- 
rally it is not easy to make sure of success in such an experiment every 
time, for, if the section of the auricle be carried slightly too far, the 
block will be complete enough but the vagus will be unable to repair 
it. It is however possible to cut the auricle just sufficiently to prevent 
the passage of any contractions to the ventricle; if the nerve then 
be stimulated contractions immediately begin to pass the block, and 
increase rapidly in number, until a short time after the stimulation the 
conduction power is so fully restored that every contraction passes the 
blocking point, and a new cut must be made in order again to block 
the passage of the contraction wave. | 


\ 


On the acon of the cardiac nerves upon the sequence of the contrac- 
tions of the different heart cavities. 


It has already been argued that the natural pauses between the 
contractions of the different heart cavities, and therefore the normal 
sequence of those contractions, is a consequence of an alteration of 
- conduction power which occurs normally as the contraction wave passes 
from the sinus to the auricles, or from the auricles to the ventricle 
respectively. It is extremely likely then, that the cardiac nerves should 
be able to influence the passage of the contraction wave at these 
natural blocking points, in the same manner as has just been described 
in the case of an impairment of conduction produced by an artificial 
block. We may therefore expect to find, that the vagus can either 
increase or diminish the natural block in the same manner as it is 
able to affect the artificial block. When an artificial partial block is 
produced, the most striking effect of nerve stimulation is the removal 
of that block and therefore the complete repair of the conduction 
power; on the other hand, the most striking alteration of the nor- 
mal sequence of the contractions would result not from any im- 
provement but from an impairment of the conduction power. Thus, 
any alteration of conduction power at the sino-auricular and auriculo- 
ventricular junctions is made evident simply by a corresponding altera- 
tion in the natural pause, which occurs between the contractions of the 
sinus and the auricles and of the auricles and ventricle respectively ; 
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any increase therefore of the conduction power at these junctions can 
only be manifested by the contractions of the auricles and ventricle 
following upon those of the sinus and auricles respectively with greater 
rapidity than before, while any diminution in the conduction power may 
cause either a diminution of the rapidity of the sequence or an absolute 
cessation of sequence according to its extent. For this reason it is 
clear that any marked increase in the natural block at these junctions 
will: be much more striking and apparent than an equally marked dimi- 
nution of that block. Such is the case; when the vagus nerves are 
stimulated, the cessation of the sequence in consequence of the stimu- 
lation is manifest enough, the recovery of the sequence is only well 
marked when the natural block has been artificially increased by the 
pressure of the clamp in the sino-auricular or auriculo-ventricular 
grooves, | 
When the heart is suspended and the aorta fixed, no clamp being 
used to the heart itself, the contractions of sinus, auricle and ventricle | 
follow one another with perfect regularity and the beats of the sinus 
are often registered on the auricular curve. In many cases stimu- 
lation of the right vagus stops the contractions of the auri- 
cles and ventricle absolutely, while the sinus still continues 
beating ; see Figs, 14,12, Pl. IV. This standstill of the auricles is not 
due to a diminution of the force of the auricular contractions sufficient 
to render them invisible, as was previously noticed in the case of the 
frog and toad; for the sinus contractions are well marked and can 
be plainly seen to stop short when they reach the sino-auricular junc- 
tion; in addition it frequently happens that the block caused by the 
vagus stimulation is not a complete one, so that some of the sinus 
contractions are followed by contractions of the auricle ; these auricular 
contractions are no smaller than is usually seen when the right vagus 
is stimulated. Clearly then the passage of the contraction from sinus 
to auricle may be completely or partially blocked during the stimula- 
tion of the right vagus nerve. Such a block is entirely independent 
of the effect of the nerve upon the rhythm or the contraction force 
of the sinus muscle. In many cases the sinus continues to beat during 
the whole of the stimulation at absolutely the same rate as before 
the stimulation, in other cases the sinus rate is markedly slowed; 
and yet in both cases not a single contraction passes into the auricle. 
Sometimes the sinus contractions are diminished so as to be barely 
visible, at other times their force is scarcely if at all affected, and 
yet the block is complete in both cases. A similar complete cessation 
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of the sequence of the auricular upon the sinus contractions during 
stimulation of the vagus nerve is often seen in the snake, and to a 
less extent in the frog and toad, so that a third method of producing — 
standstill must be ascribed to the vagus. We may have therefore stand- 
still of the auricles and ventricle produced in the three following ways: 

1. Cessation of rhythm. 

2. Cessation of contraction. 

3. Cessation of conduction. 

In many cases the diminution of the conduction at the sino- 
auricular junction during vagus stimulation is not sufficient to produce 
a complete block, but only to lengthen the pause between the con- 
tractions of the sinus and auricles. Such an increase in the natural 
pause is often well marked even with the drum revolving very slowly 
(once in 13 minutes), as is seen in Fig. 15, Pl. V. The want of rela- 
tion between the contraction force and the conduction power, which was 
noticed in the case of the artificial block, is equally noticeable when 
the natural sequence of the contractions is the subject of examination. 
Even when stimulation of the vagus reduces the force of the con- 
tractions of the auricle very greatly no sign of a block can be seen 
at the auriculo-ventricular junction. The ventricle may respond with 
strong vigorous contractions to each of these diminished auricular 
contractions just as well as to the previous strong auricular contrac- 
tions. This fact not only suggests that the conduction of the con- 
traction wave from auricle to ventricle is not necessarily impaired at 
the same time that the force of the auricular contractions is diminished, 
but it also shows that even with a great diminution of the force of 
the contractions, a contraction wave still passes from end to end of the 
auricular muscle and induces a ventricular contraction, and therefore 
that the diminution in force due to the vagus stinwlation is not brought 
about by the cutting short of the contraction wave when it had passed 
only a short way along the auricle. 

The improvement in conduction power at the sino-auricular and 
auriculo-ventricular junctions caused by the stimulation of the vagus is 
evideat enough when the natural sequence is in any way hindered, so that 
the ventricle is beating after every second contraction of the auricle or the 
auricle is made to respond to every second sinus contraction. At both 
junctions such an increased block can easily be produced by the action 
of the clamp; in both cases stimulation of the nerve is able to remove 
_ that block and to restore the sequence in the manner described already. 
In the tortoise and the frog the action of the clamp is necessary so as to 
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increase the natural block, in order to demonstrate the recovery of 
sequence after vagus stimulation. In the heart of the common ringed 
snake however no such éxtra assistance is required. The heart of the 
snake is apparently much more susceptible to any interference than any 
other heart which I have as yet examined. It is the rule rather than 
the exception to find that its mere suspension between the two levers, 
when the aorta is held and no clamp is used, is sufficient to interfere 
with the due sequence of the contractions. The sinus continues to beat 
with great regularity but only a certain number of those contractions 
are followed by auricular contractions, and again of these latter, some 
only give rise to a contraction of the ventricle. Thus a common form of 
rhythm which may last unaltered for a long time is as follows; the auricles 
contract only after every second sinus contraction, and only every second 
of these auricular contractions is followed by a contraction of the ven- 
tricle. Thus in this case the ventricle contracts after every fourth and 
the auricle after every second sinus contraction. 

Stimulation of the vagus acts here in the manner already suggested ; 
during the stimulation the sequence is sometimes still more hindered 
than before; the sinus alone contracts, auricle and ventricle remain still. 
After the stimulation a marked improvement of the sequence often 


takes place, for a time the auricle may respond to every sinus contrac- 


tion, and in other cases the ventricle contracts after every auricular 
contraction. In fact the action of the vagus upon the sequence is very 
similar to what is seen in a frog when a clamp is placed in the auriculo- 
ventricular groove. The snake’s heart not only affords a good instance © 
of the recovery of sequence in consequence of nerve stimulation, when 
the sequence has been previously irregular, but also shows the increase in 
the rapidity with which the contraction of the auricle may be made to 
follow that of the sinus, in a much more striking manner than I have 
as yet seen in the tortoise. In Fig. 16, Pl. V., the rotation of the drum 
was quick and one auricle was attached to the upper lever, the ventricle 
having been previously cut away. The heart therefore remained in the 
body and the contractions of both sinus.and auricle were registered by 
the same lever. As is seen, the pause between the contractions of the 
sinus (S in the Fig.) and of the auricle (A) was remarkably long before 
the stimulation, so that the contraction of the sinus was over before 
that of the auricle began. During the stimulation the two contractions 
were so close as to fuse together in the curve and then gradually the 
pause became longer and longer until the original length of pause was ~ 
again reached. It may also be noticed that the nerve stimulation 
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diminished the force of the auricular contractions to a greater extent 
than those of the sinus, so that during the maximum effect the beats — 
of the latter were actually stronger than those of the former. 

The power of the vagus nerve to hinder the sequence of ventricular 
upon auricular beat has only been noticed by me, when a hindrance to 
the conduction has already been caused by the presence of the clamp in 
the auriculo-ventricular groove. Eckhard’s’ experiments however seem 
to show clearly that the nerves of the septum in the frog are able on 
stimulation to block the passage of the contraction from the auricle to 
the ventricle, for he found that their stimulation caused the ventricle to _ 
stand still while the sinus and auricles continued beating. These nerves 
therefore acted upon the conduction power of the auriculo-ventricular 
muscular ring in the same way as the right vagus acts on the conduction 
power of the sino-auricular muscular ring in the tortoise. 


On the nature of the action of the vagus nerves and its resemblance 
to the action of a weak interrupted current. 


A comparison of the results obtained from the tortoise with those 
described in my former paper on the frog, confirms the view put forward 
there that the vagus is the trophic nerve of the heart. Its action is of 
the same kind throughout, and the different effects produced are not due 
to the action of different nerve fibres possessing different properties, but 
rather to the action of the same kind of nerve fibre upon the different 
attributes of the cardiac muscular tissues. Thus the nerves supplying 
the red and white muscles of rabbits are not supposed to be different to 
other motor nerves, yet their stimulation produces very different results 
owing to the differences which exist in the red and white muscles 
themselves. In precisely the same way the same kind of nerve fibre 
will produce different results in the heart according as the muscle fibres 
upon which it acts are specially engaged in the initiation of rhythmical 
contractions, in the conduction of a contraction wave, or in the produc- 
tion of strong and rapid contraction. Thus, to give an example, we have 
seen that as long as the attention is confined to the movements of the 
auricle and ventricle it is possible to obtain by stimulation of the vagus 
nerve a typical inhibition which may be caused in three different ways. 

1, The standstill may be due to the cessation of the rhythm, i.e. to 
the depressing action of the nerve upon the rhythmical waa of the 
muscle fibres of the sinus (Frog, Tortoise, Snake). 


1 Op. cit. p. 193, 


4 
> 
5 
{ 
a 
ok 
a 
a 
¥ 
2 
* 
Ag 
- 
; 
5 


104 : W. H. GASKELL. — 


2. It may be due to the diminution of the auricular contractions to 
the point of invisibility, i.e. to the depressing action of the nerve upon 
the contraction power of the rapidly contracting reticulated muscle fibres 
of the auricle (Frog). 

3. It may be due to a blocking of the contraction at the sino- — 
auricular junction, ie. to the depressing action of the nerve upon the 
conduction power of the muscular fibres connecting the sinus and 
auricle (Snake, Tortoise, Frog). 

In these three cases the same practical result is brought about by in 
all probability the same kind of nerve fibre influencing three of the 
different attributes of cardiac muscle, viz. rhythm, contraction, and con- 
duction. Again, we see that both in the frog and the tortoise the vagus 
possesses the power of exalting as well as of depressing all the different 
functions exhibited by the cardiac muscles; and it is noticeable that the 
difference between the frog and the tortoise is in this respect the same 
throughout. Thus:— 

In the frog the augmentation of the contractions is very marked, the 
maximum is quickly reached and the contractions return again to their 
original size. 

In the tortoise the augmentation is slight but its effect is spread 
over a much longer time, 

In the frog the exaltation of conduction power follows the same 
limits as the augmentation of the contractions. 

In the tortoise the repair of conduction power is much more per- 
manent, 

In the frog the acceleration is marked and does not last — 

In the tortoise it is slight but long enduring. _ 

The exalting action of the vagus then runs a more rapid course in 
the frog than in the tortoise with a corresponding greater maximum. 
This is in strict accordance with the greater slowness of all the normal 
functions of the tortoise heart; thus, the normal rate of rhythm is much 
less than that of the frog, the contraction of the frog’s ventricle is more 
rapid, the refractory period in the tortoise is longer than in the frog. In 
other words the augmentation of function produced by vagus stimula- 
tion varies in the rate of its production and in the maximum of its effect 
according to the rapidity of the normal metabolism of the tissue. If 
then we combine the present observations on the tortoise with the 
arguments at the end of my paper on the frog we arrive at the following 
conclusion: 

Although the initial effect of the vagus is to depress some 
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function, its final and: most enduring — is to exalt, inten- 
sify and repair that function. 

Thus, although it slows rhythm, yet its sieanintion makes the 
_ rhythmical power last longer than it otherwise would and makes the 
heart beat with regularity when it was previously irregular; although 
it reduces the force of the contractions, yet its ultimate effect is to 
improve and sustain the contraction force; although it may diminish 
the conduction power yet in the end it completely repairs that power, 
For these reasons I look upon the vagus as essentially the 
trophic nerve of the heart. 

It is possible to gain some insight into the nature of this trophic 
action by the examination of the behaviour of the cardiac muscle 
to direct stimulation. Hitherto almost all the experiments upon the 
effect of single induction shocks on the functions of the cardiac 
muscle have been conducted in the manner introduced by Ludwig 
and are extensions and modifications of the original experiments of 
Bowditch*. His experiments combined with those of Kronecker* and 
v. Basch*® show that— 

1. The strength of the contraction of the muscular tissue of the 
apex of the frog’s ventricle does not vary with the strength of the 
stimulus: a minimal stimulus is at the same time maximal. 

2. When the apex is made to contract regularly by sending through 
single induction shocks at definite intervals, each contraction is stronger 
than the previous one until a certain maximum is reached, ie. the series 
of contractions are arranged in the form of a staircase. 

3. When the single induction shocks follow at a sufficiently rapid 
rate, then the ventricular muscle responds, if the stimulus is weak, to 
every second stimulation only, although it is able to contract with each 
stimulation upon increasing the strength of the stimulus. 

The explanation of §3 is to be found in the observations of Marey, 
that the refractory period of the ventricular muscle of the frog is very 
long, so that the muscle recovers its excitability after a contraction quite 
slowly, combined with the assertion of v. Basch, that a stimulus which 
is of itself too weak to cause a contraction increases the muscular excita- 
bility and therefore helps the production of a subsequent contraction. 

All these laws can be studied on the muscular tissue of the apex of 
the auricle of the tortoise as well as on that of the ventricle; moreover, 


Ludwig’s Arbeiten, 1871. 
® Das charak. Merkmal der Herzmuskel Beweg. udwig’s Festgabe, 1874. 
8 Siteber. d. k. Akad. d, Wiss. (Wien), Bd. uxxrx. IIL, Abth. 
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it is not necessary to make use of the apex cavity or to keep it supplied 
with an artificial blood solution ; a strip of muscular tissue cut from the 
apex of the ventricle or auricle and suspended as above described enables 
us to demonstrate all the laws of the stimulation of cardiac muscle men- 
tioned above. Thus in both the strip from the tortoise’s auricle and the 
frog’s ventricle a minimal stimulation is at the same time maximal, in 
both a series of single stimulations produces a “staircase,” in both the 


_ strip contracts regularly with every second induction shock when the 


stimuli are sufficiently weak and sufficiently rapid. A comparison of 
the reaction of the three muscular strips from the apex of the frog’s 
ventricle, tortoise auricle and tortoise ventricle shows that with single 
induction shocks of the same strength at five seconds intervals the muscle 
of the frog’s ventricle and the tortoise auricle will respond to every 
stimulus, but that ten seconds intervals are necessary in order to make 
sure of an infallible response in the case of the strip from the apex of 
the tortoise ventricle. 

Again Bowditch’s law of the “ Treppe” is not confined to the de- 
velopment of the power of contraction in the muscle, the same kind of 
improvement is seen in the development of the rhythmical power. The 
difference between the rhythm caused by external excitation and the 
rhythm which is brought about by internal changes is that the first is 


quickest at the time of excitation and dies away as the effects of the 


stimulus wear off, while the second is slowest at the commencement and 
steadily gains in rapidity and regularity as the automatic power is 
developed. If then a series of lines were drawn inversely as the lengths 
of time between the successive automatic beats, those lines would form 


an ascending staircase as the rate quickened, just as the contractions 


form an ascending staircase in Bowditch’s experiment. In other words, 


each automatic contraction quickens the development of the next auto- 


matic contraction, just as each artificial contraction increases the force of 
the next succeeding artificial contraction, up to of course in each case a 
maximum limit. 


I have already described fully how a weak interrupted current applied 


_ to a strip of ventricular muscle gradually improves the conduction power _ | 


and contraction force of that strip until at last automatic contractions 
result. In that description I purposely said nothing about the action 
of a weak interrupted current upon the auricular muscle further than 
mentioning that it also could be taught to beat automatically. The 
difference however between the behaviour of the strip from the auricle 
of the tortoise, the ventricle of the frog and the ventricle of the tortoise 
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in this respect is most striking and suggestive. In each case the 


weak interrupted current affects the force of the contrac- 
tions of the several strips in precisely the same manner 
as the vagus nerve acts upon the whole auricle or ven- 
tricle from which the strips are taken. Thus when the strip 
from the apex of the frog’s ventricle is made to contract every five 
seconds and the contractions are of equal height, they are.immediately 
diminished most markedly in force during the whole time that the weak 
interrupted current is passing. After the cessation of the stimulation of 
the interrupted current the induced contractions increase most markedly 
in size and rapidly attain a maximum much greater than the original 
contractions. The curves are in every respect precisely similar to those 
obtained by stimulation of the vagus as given in my previous paper, 
except of course that each contraction occurs at five seconds intervals. . 
The diminution of force may be so great that the contractions are barely 
visible. 

Also atropin oe here the same effect upon the action 
of the interrupted current as upon vagus action; at first 
after atropin has been applied to the strip, the interrupted current 
still diminishes the contraction force but to a less extent than before, 
afterwards no diminution occurs but a primary increase of force even 
during the passage of the current, and finally the interrupted current 
is unable to influence the force of the contractions in either direction. 

_ In a precisely similar manner an interrupted current, which is so 
weak as not to cause contractions itself, diminishes the force of the 
contractions of the strip of muscle from the tortoise auricle during the 
passage of the current and helps on the contraction force, making the. 
beats more and more vigorous by the same slow sort of permanent after- 
effect which has already been described as characteristic of the action of 
the vagus nerves upon the contractions of the whole auricle, Again as 
is shown in Fig. 17, Pl. V., the same effect is produced after the strip has 
been brought into the condition of automatic rhythm; and indeed the 
effect may be even more pronounced on the day after the strip was sus- 
pended, when as in the instance given the automatic rhythm had con- 
tinued at least 24 hours. In Fig. 17, curve 11, I give the effect of the 
stimulation applied at 12.30 on the morning of Nov. 22 to the strip of 
auricular muscle which had supplied curve I. on the afternoon of Nov, 21, 
The secondary coil was gradually pushed from 8 to 5 cm. and the inter- 
rupted current caused as is seen a single contraction with the sec. coil at 
5cm. The regularity of the automatic contractions at least 24 hours. 

PH. IV. | 9 


2 
Apt 
» 
i 
a 
a 
4 
4 
5 
x 
a 
; 


108 W. H. GASKELL. 


after suspension of the strip is well shown, as well as the diminution and 
after increase of force caused by the interrupted current. Here too 
atropin produces the same effect as upon vagus stimulation. 

A precisely similar effect, as far as the diminution of the contractions is 
concerned, was observed by Foster and Dew-Smith’ during the passage 
_ of a constant current through the muscular tissue of the frog’s ventricle, 
when that ventricle was beating. The similarity between the action of 
the weak interrupted current upon the contractions, whether spontan- 
eous or produced by single induction shocks, with the above-mentioned 
effect of the constant current, naturally leads to the suggestion that such 
an effect may depend upon the polarization of the muscle by the weak 
interrupted current. I have therefore placed the exciting electrodes 
at the fixed upper end of the strip, at the lower end, and in the middle 
_ of the strip, and in each of these three positions have observed the effect — 
upon the contractions of the interrupted current sent through the whole 
strip from end to end. In each case I have also reversed the direction 
of the current through the strip and varied it in strength. In all cases 
the result was the same, the strength of the contractions was markedly 
diminished during and slightly increased after the stimulation. 

Finally, the interrupted current as already mentioned slowly causes 
an improvement of contraction force and conduction power in the strip 
from the tortoise ventricle, until the maximum contractions have been 
reached, until the rhythmical power has been fully developed and auto- 
matic contractions result. During this period of development there is 
no marked sign of any diminution in the force of the contractions during 
the passage of the interrupted current. When the strip contracts with 
equal maximal contractions, when the automatic rhythm is regular the 
interrupted current is still unable to influence the contraction force, at 
all events to any definite extent. Sometimes the contractions do appear 
to have been diminished exceedingly slightly during the passage of the 
current ; especially before the force of the contractions has developed to 
its full extent. Such a slight diminution may truly correspond to the 
marked diminution which is brought about in the auricular muscle by 
the passage of the current, but it is so insignificant and so doubtful 
when the strip of muscle is contracting to its fullest extent as not to 
prevent the resemblance between the action of the vagus and the inter- 
rupted current in this case also. Again then the action of the interrupted 
current upon the contraction force of the ventricular strip is the same as 
that of the vagus upon the whole ventricle of the tortoise. 


2 Op. cit, 
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The resemblance between the action of the vagus nerve and the 
weak interrupted current upon the conduction power and the contraction 
force of the cardiac muscle is therefore in all cases very striking. Not 
only are the effects of the stimulation of the nerve precisely similar to 
the action of the interrupted current applied directly to the different 
muscular strips, but also atropin produces the same effect in each case. — 
So close a resemblance must have some very definite meaning; we must 
therefore in the first place decide between the one or the other of the two 
following propositions, either — 

An interrupted current applied to the strip of muscle, which is not 
strong enough to produce contractions of itself, causes the same effects 
as vagus stimulation because it stimulates the endings of the nerves in 
the muscle, or else 

The action of the vagus nerve upon the muscular fibres i is of the same 
nature as that of a weak interrupted current upon those same fibres. 

If the first of these two propositions is true, then every experiment 
involving the electrical stimulation of the cardiac muscle which has 
hitherto been performed must be rediscussed on the assumption that the 
effects observed may to some extent be due to the excitation of the 
endings of the vagus nerves, for unfortunately in the case of the cardiac 
muscle we cannot with certainty separate nervous from muscular action 
by means of curare. Such a conclusion however is hardly warranted, 
for if the interrupted current when applied directly to the muscle pro- 
duces its effects by the stimulation of the endings of the vagus nerves, 
then other kinds of stimulation must also produce similar results | 
when applied to the muscle as when applied to the vagus itself; single . 
induction shocks therefore ought to produce the same effect whales 
applied to the vagus or the muscle itself. Bowditch’s experiments have 
conclusively shown that a series of single induction shocks applied to 
the muscle of the frog’s ventricle causes a series of contractions in the 
form of an ascending staircase, and the same effect is seen in the mus- 
cular strip from the apex of the auricle or ventricle of the tortoise; on 
the other hand, a series of single induction shocks applied every three 
or five seconds to the vagus nerve of the tortoise reduces the force of the 
auricular contractions in the most marked manner as long as the induc- 
tion shocks are sent through the nerve, Fig. 18, curve 11, Pl. V.; nay more, 
a single shock applied to the vagus trunk is sufficient to reduce the next 
five or six auricular contractions as is shown in Fig. 18, curve I. In fact no 
better stimulus could be required to set the vagus in action than a series 
of single induction shocks every five seconds, So much can then be 
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said, single induction shocks affect the cardiac muscle m a manner 
directly opposite to their effect when applied to the vagus nerve; for 
this reason it is more probable that the second proposition is true viz. 
The vagus produces the same effects on the contraction 
force and conduction power of the cardiac muscle as an 
interrupted current applied to the muscle directly, which 
is too weak to cause muscular contractions. 

In order to make the resemblance between the action of the vagus 
and the interrupted current complete, it must be shown that the latter 
is able to affect the rhythm in a manner similar to the former and that 
atropin prevents that effect in the same way in both cases. Up to the 
present such evidence is by no means complete, although I cannot help 
thinking that a large number of experiments made by former observers 
are in reality to be explained by the direct action of the stimulation, 
rather than by the supposition that the stimulus excites inhibitory 
nerves or inhibitory centres, Again and again it is seen that the direct 
stimulation of the place from which the rhythm starts causes a slowing 
or absolute cessation of that rhythm. Thus Foster and Dew-Smith' 
have shown that an interrupted or constant current sent through the 
rhythmically contracting heart of the snail, or through the ventricle or 
auricle alone when beating automatically, produces a standstill or 
slowing during the passage of the current. So too in the Vertebrata, the 
direct stimulation of that part of the heart from which the rhythmical 
contractions arise, viz. the sinus venosus, is a most certain method of 
_ obtaining standstill of the heart, and here too we have.a further remark- © 
able fact, that atropin prevents that standstill from taking place just as 
it prevents the depressing effects of the stimulation of the strip of 
cardiac muscle upon the force of the contractions. So too, as Ranvier* 
has pointed out and as I have seen again and again in the case of the 
tortoise, the direct stimulation of the right place in the isolated auricle 
inhibits the automatic rhythm of the auricle. In this case as well as in 
the case of the sinus venosus, it is commonly supposed that such a stand- 
still indicates the existence of special inhibitory centres which are 

excited by the stimulation. I venture however to submit that in these 
cases as well as in the snail’s heart such inhibition is the result of the 
direct stimulation of the muscular tissue from which the rhythmical 
contractions originate, and is therefore strictly comparable to the diminu- 
tion of contraction force observed in the muscular strips from the apex 


1 Proc. Roy. Soc. No, 160, 1872, 
Legons d’Anatomie Générale. Paris, 1880, p. 161. 
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of the frog’s ventricle and tortoise auricle as already described. Still I 
must confess that in the case of the muscular strips when beating auto- 
matically with a perfectly regular rhythm (as in Fig. 17, Pl. V.), the stimu- 
lation which is sufficient to depress most markedly the force of the 
contractions may be absolutely without effect upon the rate of the 
rhythm, It does not however follow that such a rhythm cannot be 
inhibited by the direct application of the interrupted current; it is 
possible that a strength of current which is able to depress the contrac- 
tions may not be strong enough to influence the rhythm; while a stronger 
current sufficient to inhibit the rhythm might at the same time induce 
contractions in some part or other of the muscular strip and so hide the 
inhibition really produced. Such an explanation is plausible to this 
extent; in all rhythmically contracting portions of the heart any direct 
nitowiilatiod which is strong enough to cause a series of contractions 
following each other with greater rapidity than the previous rate of 
rhythm, is very apt to be followed by a pause which is of longer duration 
than the previous regular pauses between the consecutive automatic 
contractions. Such a pause does not necessarily prove that the rhythm 
has been inhibited by the stimulation and I therefore prefer for the 
present to leave it doubtful whether the direct stimulation of a rhythmi- 
cally contracting tissue can in all cases inhibit the rhythm of that tissue. 


PART IV, 
On the action of atropin and muscarin. 


The observations of Bowditch’ upon the effects of atropin and mus- 
carin on the force of the contractions of the cardiac muscle are typical 
of the action of these drugs upon every function of the cardiac muscle. 
His results may be expressed by saying:—Atropin brings the contraction 
power of the muscle to a maximum straightway, so that the beneficial — 
effects of successive stimuli disappear. Muscarin depresses the power of 
contraction without removing the effects of successive stimuli, so that 
the maximum contraction obtained is much less, though the “staircase ” 
still remains. Expanding these two assertions so as to include all the 
functions of cardiac muscle we should expect to find that atropin 
improves the rhythmical power and the conduction power in the same 
way as the contraction force, such an improvement being of a fixed and 
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stable character, though not necessarily lasting. On the other hand, 
muscarin ought to depress every function without preventing the 
possibility of a limited amount of improvement in that function. 

All experimental evidence serves to confirm this view. Thus 
Sokoloff* has shown that the application of atropin restores the 
rhythmical power when it has been depressed by the application of a 
variety of different drugs. And I shall show later on that atropin 
quickens the development of an automatic rhythm, and removes the 
“staircase” of rhythm in the same way as it removes the “stair- 
case” of contraction force. Not only does this drug develope the 
rhythmical power in the same way as the contraction force, but it 
produces the same sort of stable effect upon both. In the first stage of 
its action neither the stimulation of the cardiac nerves nor direct 
stimulation of the muscle is able to depress the rhythm or the force of 
the contractions; the augmenting effect alone remains; the beats are 
simply quickened and increased in force. Later on, this effect also 
disappears; neither by nervous action nor by direct stimulation can any 
alteration either in rhythm or force of contraction be effected. The 
action of atropin then is to bring about a certain maximum of rhythmical 
power and contraction force of such a stable character that this maxi- 
mum is with the greatest difficulty displaced in either one direction or 
the other. It must not however be supposed that the action of atropin 
is a purely beneficial one, that it is trophic in the same way as the vagus 
and the interrupted current, which produce permanently beneficial 
effects; in the unfed heart outside the body its beneficial effects are 
followed, with a rapidity varying according to the extent of the dose, by 
a marked depressing action; the force of the contractions steadily 
diminish, the rhythm becomes slower and slower. In the frog’s heart, 
when removed from the body, this depressing effect on the rhythmical 
power is manifested very early, so that, as pointed out in my paper, the 
rhythm may be markedly slowed at the same time that the force of the 
contractions is as strong or even stronger than before. In precisely the 
same way the improvement in conduction power which the atropin at 
first causes is followed by a diminution of that power, so that the 
ventricle responds to every second contraction only of the auricle or, 
what is frequently seen in the atropinized heart, responds to every two 
out of three auricular contractions. No doubt these depressing after- 
effects are due mainly if not entirely to an overdose of the drug, 
combined with the absence of nutrient material. | 


1 Physiolog. und toxicolog. Studien am Herzen, Bern, 1881. 
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In my former paper I have throughout spoken of the action of 
atropin and muscarin as affecting the strength of the impulses from the 
motor ganglia to the ventricle. In all instances where such phraseology 
occurs it is clear that in reality the phenomena observed were due to 
an alteration of the conduction power during the passage of the con- 
traction wave from auricle to ventricle. Muscarin acts upon the cardiac 
muscle in such a way as to depress every one of its functions, but its 
action is much more labile than that of atropin. For a long time at all 
events such depression of function can be affected by nervous and direct 
stimulation in both directions; it can be both increased or diminished 
up to a certain limited extent. So too the effect of muscarin can be 
- counteracted immediately by the more stable action of atropin. 

The depressing effect of muscarin upon both the rhythmical and con- 
traction power has been so often observed as to admit of no doubt, The 
same effect upon the excitability and conduction power of the muscle has 
been noticed by me in my former paper, and can be seen in the most ex- 
cellent manner by observing its action upon the suspended strip from the 
auricle of the tortoise. As already mentioned the exciting electrodes, by 
means of which single induction’ shocks are sent into the strip every five 
or ten seconds, are placed at the fixed end of the strip, so that the 
current passing between their poles passes through a small portion only 
of muscular tissue at that fixed end. When therefore a single induction 
shock is sent in, that small portion of tissue alone is directly stimulated 
and the contraction of the whole strip is due to the spreading of the 
contraction wave from this initially stimulated portion. When the 
force of the contractions and the conduction power has been sufficiently 
improved by the combined action of the single induction shocks and 
the weak interrupted current sent through the whole strip as already 
described, then each contraction started by the exciting electrodes passes 
quickly along the strip, and no distinction can be drawn between the 
contractions of the small piece between those electrodes and the rest 
of the strip. After the application of muscarin matters are different ; 
not only is the force of the contractions markedly diminished, but a — 
distinct hesitation is seen before the initial contraction spreads over the 
whole strip. This hesitation may become greater and greater until a 
partial block is caused of such a character, that every second induction 
shock causes a contraction which is confined to the piece of muscle 
between the exciting electrodes, while the rest of the stimuli cause a 
contraction which travels through the whole strip. Under such circum- 
stances the passage of the weak interrupted current still further reduces 
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the force of the contractions, and may cause such a blocking of a 
larger number of contractions, or may diminish the excitability to such 
an extent that not even the portion between the exciting electrodes 
contracts when the single induction shock is sent through. If now a 
drop of a weak atropin solution be applied to the strip, the contractions 
instantly increase in force in a wonderful manner, every contraction 
passes easily and quickly from end to end, all sign of an initial .con- 
traction of the muscle between the exciting electrodes immediately 
vanishes, and in a very short time the interrupted current is able to do 
nothing more than slightly to diminish the force of the contractions 
during its passage. 

Both atropin and muscarin produce the effects above mentioned by 
directly modifying the various functions of the cardiac muscle, and in 
proportion to the stability of the effect so produced is the possibility of 
a modification of that effect by the direct stimulation of the muscle or 
by the action of the cardiac nerves. It is partly because the atropin 
acts on the muscular tissues in such a way as to keep the various mus- 
cular powers fixed in a relatively high state of activity, that the cardiac 
nerves are unable any longer to depress those powers. It is because 
atropin is able to restore the rhythmical power of the muscle, that 
stimulation of the vagus and of the sinus is no longer able to produce 
inhibition ; it is because the atropinized muscle contracts with the very 
first stimulus at its full strength that neither the cardiac nerves nor the 
interrupted current is any longer able to diminish those contractions ; 
it is because atropin repairs the conduction power that stimulation of 
the vagus is no longer able to prevent the contraction wave passing 
from the'sinus into the auricles. 

Atropin, however, has a further action which is not possessed by 
muscarin. It not only prevents the action of the vagus nerves by 
its direct influence on the cardiac muscle, but also by its action on 
_ the intra-cardiac nerves themselves, and perhaps especially on their 
ganglionic nerve cells, Muscarin, on the other hand, influences the 
muscular tissues, leaving the nervous action intact, at all events, until 
a very large dose has been given. Thus in my former paper I noticed 
in the case of the frog that atropin, applied to the sinus and auricle 
alone, prevented the whole action of the vagus not only on those parts of 
the heart, but on the ventricle as well; while, on the other hand, mus- 
_ carin when: applied to the sinus and auricle only may affect those parts 
even to complete standstill, without in the least abolishing the power of 
the vagus to increase the contractions of the ventricle. 
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In the tortoise the influence of atropin upon the action of the vagus 
can be demonstrated by the effect upon both the force of the auricular 
contractions and the conduction power of the auricular muscle, when the 
atropin is applied locally to the point of entrance of the coronary nerve 
into the auriculo-ventricular groove. Thus in one case, where the auricle 
was slit up until only every second contraction passed the block, it was 
found that stimulation of the right vagus and of the coronary nerve was 
in each instance able to remove that block, and also, as is always the case, 
stimulation of each nerve diminished the contractions of the part of the 
auricle on its own side. Atropin (1 p.c. solution) was then applied to the 
ventricle and its junction with the ventricle-auricle, with the result of pre- 
venting the action of the coronary nerve upon the force of the contractions 
of the ventricle-auricle and upon the conduction of the contraction wave 
over the block (as is seen in Fig. 19, Pl. V.). On the other hand, the right 
vagus was still able to slow the rhythm, reduce the force of the contrac- 
tions of the sinus-auricle and remove the block of the contraction wave, 
just as efficiently as before atropin had been given (Fig. 19). Similarly 
atropin applied to the sinus and sino-auricular junction will remove the 
whole action of both right and left vagus nerves, without affecting the 
action of the coronary nerve, provided that the auricle has been 
previously slit up, and so all chance of the drug reaching the auri- 
- culo-ventricular junction removed. Atropin then not only influences the 
muscular tissue, but also the nervous structures of the heart in such a 
way that neither the direct action of the interrupted current nor stimu- 
lation of the vagus nerves are any longer able to produce their usual 
effects upon the various functions of the cardiac muscles. 

The views put forward in this paper necessitate a revision of the 
opinions at present held in respect to the action of a large number of 
cardiac poisons: a task, which it is impossible to undertake in this 
present paper without swelling it out to an inordinate length. I will 
therefore confine myself to one or two remarks on the action of curare . 
as illustrative of the position I desire to maintain. 

The difference between the action of curare and atropin is one of 
the main arguments in favour of the existence of an inhibitory centre 
capable of being paralysed by atropin but not by curare. Both poisons 
prevent the inhibitory action of the vagus nerve ; but while after curare 
inhibition can still be caused by the direct stimulation of the venous 
sinus; after atropin this is no longer possible. The inhibition caused by — 
muscarin can be removed by atropin, but:not by curare. These facts do 
not in my opinion in the slightest degree prove the existence of an 
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inhibitory centre ; they simply confirm the well-known fact that curare 
is essentially a poison which affects nervous and not muscular structures, 

and give another proof of the affinity of the cardiac muscle and nerve to 
the ordinary striated muscle and nerve. Thus curare prevents the inhibi- 
tory action of the vagus, because it paralyses some part or other of the 
nerve endings. It does not prevent the inhibition caused by the direct 
stimulation of the venous sinus, because unlike atropin it does not act 
upon the muscular tissue of the sinus, and therefore cannot prevent the 
inhibitory action of the current applied directly to that muscle. For 

the same reason it is unable to influence the inhibitory action of a 
muscular poison like muscarin. 


PART V. 
Conclusion. 


The conception of the cardiac function advanced in the preceding 
pages represents the heart as a specially modified portion of the vascular 
system ; the heart is to be considered as a piece of artery or vein, the 
muscular walls of which have developed in a special manner. The key- 
note therefore of the peculiarities of the cardiac muscle consists in its 
structural position, intermediate between unstriped and striated muscle 
fibre. Muscular tissues exhibit three different modes of responding to 

_ stimulation according to their structure. These modes may be expressed 
by saying that certain muscles possess essentially the power of “tonic 
contraction,” others the power of “rhythmical contraction,” and others 
that of “rapid contraction.” A comparison of the tetanizing action of a 
strong interrupted current upon a strip of muscle from the bladder of 
the tortoise and from the heart of the tortoise with the ordinary tetanus 
curve of the frog’s gastrocnemius shows clearly the difference of the 
three kinds of muscular tissue. 

_ The unstriped muscle of the bladder contracts slowly after a long 
latent period, the contraction increasing steadily in force during and 
even after the cessation of the tetanizing current, and then the strip 
returns with excessive slowness to its original length. In other words 

_ we see a prolonged tonic contraction as the result of the stimulation. 

With the striated muscle we have the well-known curve of tetanus. 
composed of the superposition of a series of rapid contractions, : 

The cardiac strip gives a curve which is intermediate between the 
two and may be described as consisting of a long-continued tonic con- 
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traction upon which a number of rapid contractions are super-imposed. | 
These separate rapid contractions never succeed one another so quickly 
as to fuse together. The cardiac muscle then, when tetanized, gives in 
virtue of its relationship to unstriped muscle, a tetanus of tonicity (to 
use Ranvier’s expression), and at the same time a series of rapid con- 
tractions in consequence of its affinity to ordinary striated muscle. 
When the vitality of the tissue is impaired by exhaustion, by injury, by 
malnutrition, the cardiac muscle loses its power of rapid contraction, and 
the less-specialized tonic power alone remains, the muscle strip tetanized 
when in that condition contracts with a prolonged tonic contraction in 
the same way as unstriped muscle. 

In another respect too the intermediate position of the cardiac 
muscle: between the slowly contracting, slowly exhausted unstriped 
muscle and the rapidly contracting easily-exhausted striated muscle is 
clearly shown; the vitality of unstriped muscle after the death of an 
animal is wonderfully long; the irritability of the cardiac muscle after 
death i is less than this, but ot — than that of the ordinary 

striated muscles. 

Again, the evidence that the power of rhythmical contraction is 
a property of muscular tissue, common to many of the different kinds 
of muscle found in the animal kingdom increases in importance day by 
day. Not only do we know that the unstriped muscle of the ureter and 
the veins of the bat’s wing are as capable of contracting rhythmically as 
the apex of the frog’s heart under the influence of the mechanical 
stimulus of distention, but we also have evidence that the more highly 
developed striated muscle fibres are capable of rhythmical contractions 
under the influence of a constant stimulation, whether electrical or 
chemical. This is especially the case, as the experiments of Schenlein’ 
prove, in the striated muscles of the invertebrata, which contract rhyth- 
mically upon stimulation by a weak interrupted current in a manner 
very similar to the muscular tissue of the apex of the frog’s heart. We 
see then that the power of rhythmical contraction is not confined to 
cardiac muscle, but exists also to a certain extent in unstriped and 
striated muscles, and just as this power has been developed to.a greater 
extent in some unstriated muscles than in others, so too it has reached 
a still higher stage—the stage of rhythmical automatism—in some kinds 
of cardiac muscle than in others. We may then make a comparison 
between the development of function in the three kinds of muscular 
tissue as follows:— ~ 


- 4 Archiv f. Physiologie von du Bois-Reymond, 1882, p. 369. 
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Striated muscle of vertebrates— | 
Rapidity of contraction most highly developed. 
Tonicity rudimentary. 

Rhythmic action still more rudimentary. 

Cardiac muscle— 

Rhythmic action most highly developed. 
Rapidity of contraction well marked. 
Tonicity well marked. 

Unstriped muscle— 
Tonicity most highly developed. 
Rhythmic action well marked. 
Rapidity of contraction most rudimentary. 

Further, the development of the full rhythmical power in a piece of 
cardiac muscle is strikingly similar to that of the full contraction power. 
Thus the rate of the automatic rhythm increases by successive incre- 
ments in the same way as the contraction force, and just as the isolated 
muscle in-Bowditch’s experiment responds weakly to the first stimula- 
tion, so the isolated auricle or ventricle of the tortoise remains still for 
some time before the first automatic contraction takes place. 

The meaning of this preliminary standstill—the standstill of the first 
Stannius ligature—has always been a difficult problem to solve, and 
many attempts at an explanation have been given. It is therefore of 
special interest to examine the conditions necessary for its appearance 
and for its non-appearance. It is clear from what has already been said 
that this standstill is of the same nature, whether it occurs as a pre- 


liminary to the automatic rhythm of the auricle, of the ventricle, or of 


the apex of auricle or ventricle. It is associated with the development 
of the automatic rhythm in each case, and is not due to the action of 
any special inhibitory mechanism. The laws of the development of 
rhythm are throughout very similar to the laws of the development of 
the contraction force, and the reason why the tissue when first isolated 
commences its automatic contractions at so slow a rate as to give 
occasion to the use of the term “standstill” is the same as the reason 
why the first artificial contraction of the muscular tissue of the apex in 
Bowditch’s experiment is so much weaker than the subsequent contrac- 
tions. If it were possible to ensure that the conditions of the experi- 
ment should be the same in every case, it would in all probability be 
found that the length of the standstill after isolation of the tissue was. 
strictly in proportion to the rhythmical power of the tissue. We ought 
therefore to find that the auricle commences its automatic beats sooner 
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after isolation than the ventricle, and the ventricle sooner than the strip 
from the apex. Undoubtedly the standstill is longer in the case of the 
apex than of the whole ventricle, and sometimes it is very clear that 
the isolation of the ventricle is followed by a longer standstill than that 
of the auricle, as the following case shows. 


Feb. 14, 1883. Heart suspended, aorta held. Auricle fixed to upper 
lever, ventricle to lower. Oontractions perfectly regular at about 12 per 
minute. The sinus was then cut away; 5 excitation contractions occurred 
at the moment of section and then the auricle and ventricle remained still 
for 11 minutes, after which the first automatic contraction of the auricle took 
place, followed by a contraction of the ventricle. The auriculo-ventricular 
rhythm then developed in its usual manner, the lengths of time in — 
between consecutive beats being as follows— 

260, 170, %, 90, 80. : 

A fresh drum was here necessary, and as soon as the beats were again 
recorded the durations in seconds of consecutive pauses were 

33, 33, 27, 27, 28, 24, 23°5, 23, 22°5, 22, 21°5, 22, 21, 20, 19°75, 19-5, 19, 
19, 19, 18°5, 18, 18. 
and again on the next curve 

16°5, 16. 

The sialaie was now cut away and a rhythm of excitation was immedi- 
ately set up in the ventricle with pauses between the beats as follows— 

7, 8, 9, 10, 10, 22, 22, 20, 23, 25, 26, 28, 35, 40, 106, 100, ?, 193, wie 
154, 
and then complete standstill for 12 minutes. 

After this the ventricle began to beat automatically with the following 
lengths of time between the contractions— 

150, 145, 138, 134, 130. 

The first standstill lasted therefore 11 minutes and the second standstill 

including the time of the rhythm of excitation at least 34 minutes. 


Throughout, the length of the standstill is relative and not absolute, 
so that it is not possible to compare different experiments on different 
animals without making an extensive series of experiments with all 
possible precautions in order to solve this one particular point. This I 
have not yet done and cannot therefore assert positively that the length 
of the standstill varies inversely as the rhythmical power of the heart seg- 
ment which is isolated, although such a proposition is highly probable. 

The nature of this standstill is further shown by the conditions 
necessary for its non-appearance. These conditions may be summed up 
in the assertion: Any influence which increases the develop- 
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ment of the rhythmical power removes at the same time 
the preliminary standstill; just as in Bowditch’s experiment, 
atropin, brings the force of the contractions to an immediate maximum. 
Such influences are in the case of the ventricular standstill the supply of 
a blood solution through the coronary. vessels and the application of 
atropin:to the auriculo-ventricular groove. In both cases the ventricle 
beats immediately upon isolation, the standstill is gone. 

Again, when the contractions of the frog’s ventricle have reached 
their maximum by means of a series of single induction shocks at equal 
intervals, and then the stimulations are discontinued for some time, a 
new set of contractions caused by a second series of induction shocks 
does not begin with contractions of the maximum strength of the 
previous series, but the first of the new set is smaller than the last of 
the old and a staircase is again formed. So too an automatic rhythm 
which has developed up to a certain rate may recommence at a slower 
rate after it has been interrupted. This is exemplified in the following 
way. The auricle is slit until a block occurs; in many cases this block 
lasts so long as to allow time for the commencement of the development 
of a rhythm of the ventricle and that part of the auricle in connection 
with it, which is entirely independent of the rhythm of the sinus. At 


this time then the two parts of the heart which are separated by the 


blocking point are beating quite independently of each other and the 


‘rhythm of the ventricular side is gradually gaining in rapidity in the 


usual manner. The block is now removed by the application of salt 
solution and stimulation of the vagus, until at last in favourable cases 
every contraction again passes and the sequence is fully restored. With 
the restoration of the sequence the independent rhythm disappears, the 
ventricle and ventricle-auricle are again completely under the domination 
of the sinus. The sinus is now removed by the section of the sinus- 
auricle, without therefore injuring in any way the ventricle and 
ventricle-auricle ; and it is found that a standstill again occurs and again 
the independent auriculo-ventricular rhythm is slowly developed up to 
and beyond its former rate. Although the second rhythm does not 
commence at the rate that had previously been reached, yet some bene- 
ficial effect of the previous development is usually noticed; the second 
standstill is not as long as the first, and a third standstill produced in a 


. similar manner may be less still, until at last the production of a block is — 


not followed by any standstill at all. 
The similarity between the laws governing the rhythmical power 
and the contraction force of the cardiac muscle is not the only similarity - 
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found between two different muscular attributes. The excitability of 
the muscle as measured by its capability of response to a stimulus, and 
its power of conducting a contraction from muscle cell to muscle cell 
present many resemblances to each other. It has been shown that a 
block can be produced, either by artificial section of the auricle or by 
an increase in the natural block at the auriculo-ventricular junction, 
such that only every second contraction which starts from the sinus passes 
over the block. Such a partial block has been shown to. be dependent 
upon the rate of the contractions and not upon the strength of the 
stimulus which initiates the contraction wave. Thus the conduction 
power of the muscle at the blocking point may be such that every 
contraction at ten seconds intervals will pass, while only every second 
contraction at intervals of five seconds is able to pass. In precisely the 
same way we know that the cardiac muscle will respond to every 
stimulus when a sufficient length of time elapses between the stimuli, 
but only to every second stimulus when that time is too short, provided 
that the strength of the stimulus remains unaltered. Again, in conse- 
quence of stimulation of the vagus, every contraction may pass a block 
over which only every second contraction had previously been able to 
pass, even though at the same time the force of the contractions has 
been greatly diminished. The conduction power is not dependent upon 
contraction force. So too the excitability of the muscle may be increased 
by the same action which depresses the force of the contractions. Thus 
as already mentioned the strip of muscle from the apex of the frog’s 
ventricle or tortoise auricle may respond to every second induction shock, 
when the induction shocks are sufficiently weak and are sent through every 
five seconds; yet upon sending through a weak interrupted current, the 
muscle may respond to every stimulation, though at the same time the 
force of the contractions is markedly diminished. I have not yet 
attempted to work out the relations which exist between the strength 
of the interrupted current, the alteration of the contraction force and 
the alteration of excitability, and can say therefore at present nothing 
more definite than that the excitability of the muscle may be influenced 
by the interrupted current in a direction opposite to the contraction force. 
In other words, the interrupted current affects the muscular excitability in 
a manner similar to the effect of the vagus upon the conduction power ; 
another proof of the resemblance between the action of the vagus and a 
weak interrupted current and also of the close relationship between 
muscular excitability and conduction power. 

Again, I have shown clearly that the vagus depresses and exalts 
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all the different functions of all the different muscular tissues of the 
heart, whether the function in question is rhythm, contraction, con- 
duction, tone, or excitability. Also I have shown that depression 
of one function is not necessarily accompanied by a simultaneous 
depression of another function, and so also with the exaltation of 
function. Further, the exaltation of each function is not necessarily 


dependent upon a previous depression; in each case the primary effect — 
- may under certain circumstances be exaltation and not depression. 
_ Combining these two facts together we are driven to accept one of 


two alternatives, either the vagus contains a multiplicity of fibres, 
which can be divided into two groups after the fashion of Heidenhain’— 
1. Depressors (Hemmungs-fasern); 2. Augmentors (Verstarkungs-fasern) ; 
and further each member of each of these groups has again its own 
special function, so that for instance the rhythm-inhibiting nerve fibre 
is different in kind from the contraction-depressing fibre and so on; 
or else, the same trophic nerve fibre produces all the different effects 
observed, according to the nature of the muscle which it supplies, and 
the condition of that muscle at the time. 

In this paper as well as in my previous paper all the facts have 
tended strongly to prove that the vagus acts in the same manner upon 
the rhythm of the heart and upon the force of its contractions, so that if 
separate inhibitory and accelerator nerve fibres exist for the one, separate 
depressor and augmentor fibres must exist for the other. If therefore it 
can be shown that such diminution and augmentation of the strength of 
the contractions are due not to different influences reaching the muscle, 
but to the same influence affecting the muscle when its conditions are 


different, then it is, to say the least, highly probable that slowing and ac- 


celeration are also due not to different nerve fibres but to the action of the 
same nerve fibre under different circumstances, In the frog, as I have pre- 
viously pointed out, such a complete gradation exists between a primary 
excessive diminution of the contractions and a primary augmentation 
in consequence of nerve stimulation, as to render the hypothesis that 
such curves depend upon the simultaneous stimulation of two antago- 
nistic nerve fibres very improbable. I have now proved in addition that 
a weak interrupted current applied to the smallest strip of cardiac 
muscle produces the same two opposite effects, and that here the depres- 
sing effect may be removed and the augmenting alone remain, when the 
condition of the muscle is altered by the application of atropin. In 


2 Op. cit. 
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order therefore to still hold to the view of specific nérve fibres acting in 
opposite directions upon the force of the contractions, it is necessary to 
assume, not only that those nerve fibres possess opposite qualities up to 
their very termination in the muscle, but that even when the muscle 
itself is stimulated the relative action of these two sets of nerves still — 
holds its ground. . In addition, atropin would have to be considered as 
acting upon these two sets of nerve endings and not upon the muscle, 
paralysing the depressor nerve endings before those of the augmentor 
nerves. The experiments of Luchsinger and Szpilman* which lead 
them to the conclusion that atropin has a special action upon unstriped 
muscle fibre, those of Bowditch already referred to, and my own all point 
to the conclusion that atropin affects the cardiac muscle directly, in conse- 
quence of its affinity to unstriped muscle fibre. The whole evidence goes 
to show that the vagus is a constructive and not a destructive nerve, that 
the initial depression of function is not of the nature of exhaustion but 
is preliminary to a greater functional activity. The phenomenon presented 
by the muscular tissue of the frog and tortoise under the influence of an 
induced current is of exactly the same nature as that seen in the muscle 
of the snail’s heart (as pointed out by Foster’® and Dew-Smith), when 
a constant or weak interrupted current is sent through it. In both cases 
augmentation of function occurs as well as depression; in the one .case 
the evidence is as strong in favour of special inhibitory and accelerator 


-. nerves as in the other. Clearly in the case of the snail it is simply 


impossible, as Foster® has said, to explain such results by the presence of 
accelerator and inhibitory fibres in every strip of muscular tissue, when 
as a matter of fact, cardiac nerves of any kind whatever have not been 
‘proved to exist. Clearly also whatever explanation will ultimately be 
found for the action of the current wpon the muscular tissue of the 
snail’s heart will also explain the same phenomena in the heart. of the 
frog and tortoise. The problem which demands solution is essentially, 
Why is the condition of the muscle ultimately improved in every one of 
its functions by the direct application to:it of a continuous stimulus 
which is not strong enough te produce motor effects? and why is that 
improvement of function preceded in many cases by a diminution of 
function? When these two questions have received a satisfactory 
answer, it will no longer be strange that the vagus produces throughout 
two opposing effects, and the action of atropin will become clear; then 
the relationship between trophic and motor action will be understood, 

1 Pfliiger’s Archiv, Vol. xxvt. p. 459. 2 Op. cit. 

> Journ. Anat. and Physiol. Vol. x. “Some effects of Upas Antiar on the frog’s heart.” 
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and the true function of the ganglion cells found in connection with 
nerve fibres will be indicated. At present it can only be said that the 
vagus is the trophic: nerve of the cardiac muscle, its action resembling 
that of a stimulus too weak to produce motor effects, and therefore it is 
possible that the function of the ganglion cells in the course of the nerve 
is to convert an otherwise motor into a trophic nerve. 

Throughout this paper I have confined myself to observations upon 
the heart of cold-blooded animals. I am not yet in position to say how 
far, in the more highly-developed mammalia, the phenomena of the 
heart may have become changed under a greater differentiation of 
function, and an increased complexity of structure. Such questions 
therefore as the real interpretation of the action of the accelerans nerves, 
as distinguished from that of the main vagus fibres in these animals, 

must be left for subsequent investigation. I trust to be able at some 
future time to deal with the matter, which has naturally —s been 
the object of investigation by others. 


DESORIPTION OF FIGURES, Pl. IL—V. 


of All curves read from left to right. The fractions in brackets after certain 
i _ of the figures denote the extent to which the original curve has been reduced 
} by photography. The letters 8, A, 'V in all cases denote beats of the sinus, 
\ auricle and ventricle respectively. 
Hii Fig. 1, Feb, 23, 1882. Development of the rhythm of the auricle. 
H Curve A. Sinus cut away at arrow. The first curve after section 
| is marked 1. ; 11. is the continuation of this curve on the same drum. 
Curve B. Continuation of curve 4. Drum changed as rapidly as 
possible, 
Curve C. Continuation of curve B. 2 een. Time marker 
every 2 seconds. 
Fig. 2. Feb. 9, 1882. Development of the rhythm of the whole seisalie: 
Clamp tightened in auriculo-ventricular groove, A rhythm of ex- 
citation was set up in the ventricle which gradually slowed down to 
the minimum rate shown at the commencement of curve 1. From 
this point the ventricular rhythm slowly and regularly quickened as 
shown in curves 1—vu. Time marker every 2 seconds. 
Curve 1. was taken at 12.15 p.m. 
Curves 11. and 111. follow immediately on curve 1. and were therefore 
_ taken at about 12.30 and 12.45 p.m. respectively. 
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_ Curve rv, was taken at 2.45 p.m. 
» Ww» » » 
VEL 9 » 5.15 


Fig. 3. Nov. 7, 1882. Development of the rhythm of the ventricular ig 

Strip from apex of ventricle suspended at 3.30 p.m. 

Single induction shoeks every 10 seconds sent in at one end; 
interrupted current sent through the whole strip at intervals as 
marked on the upper stimulation marking line, 

Curves 1., 11, 11. are samples taken during the first hour after 
suspension ; each contraction corresponding to a single induction shock. 
‘Time marker every 10 seconds. | 

Ourves tv., v. are samples of the automatic beats taken between 

| 5.30 and 6 pm. Time marker every 2 seconds. 

Curve vi. was taken at 11 am. on Nov, 8; the strip remaining 
undisturbed during the night. Time marker every 2 seconds. 


Fig. 4. Feb. 27, 1882. Comparison of artificial with natural block. 

Aorta held ; auricle slit up. 

Curve A. Each auricular beat is composed of three parts. 

First the contraction of the sinus-auricle (As); then the contraction 
of the ventricle-auricle (Av) ; and then the ventricular contraction (V) 
which follows Av and is transmitted to the upper lever. 

Curve B. Between curves A and B the auricle was slit up further; 
the pause between the contractions of As and Av was increased, and 
every second contraction of 4s was unable to pass the block and there- 
fore no contraction of Av or V followed. Time marker every 2 

seconds, 
Fig. 5. May 8; 1882. Stimulation of L, Vagus, R. Vagus and Coronary 
Nerve. 


Aorta held. Time marker every 10 seconds. Sec. coil at 10 c.m. 


Fig. 6. May 20,1882. Stimulation of Coronary Nerve (central end). 
Auricle cut away from ventricle, leaving coronary nerve in connec- 
tion both with ventricle and sinus. Aorta held; electrodes on coronary 
nerve near ventricle. Oontractions of auricle only given, ventricle 
quiescent. During both stimulations given in curve, sec. coil at 10 
and 12 ¢.m. respectively, the ventricle remained absolutely quiescent. 
Time marker every 2 seconds. 
Fig. 7. Feb. 27, 1882. Stimulation of R. Vagus when the coronary nerve 
is the only channel of communication. 
Aorta held. Auricles cut away from sinus, leaving coronary nerve 
intact. Stimulation of R. Vagus in the neck after the establishment 
10—2 
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of a regular independent auriculo-ventricular steers Sec. coil at | 
5c¢.m. Time marker every 2 seconds. 


Fig. 8. Feb. 13, 1882. Development of an independent ventriculo-sartoullll ; 
rhythm made manifest by vagus stimulation. 

_ Clamp in auriculo-ventricular groove. Curves 1—v. are samples 
taken at intervals of the effects of stimulation of the R. Vagus; sec. coil 
at 12 and 10 cm. The arrows V.A and A.V denote the beginning 
and the end of the unmasked ventriculo-auricular rhythm during each 
stimulation. In this case the after-acceleration is well marked, Time 
marker every 2 seconds. - 

Fig. 9. March 23, 1882. Stimulation of R. Vagus. —— 
Heart in the body and circulation intact. Beats of ventricle only 
* yregistered. Sec. coil at 6c.m. Time marker every 2 seconds. 
Fig. 10, Nov. 6, 1882. Removal of a partial block by stimulation of R. 
Vagus. 3 

- Aorta held. Auricle slit up until only every second contraction 

passed the blocking point. Stimulation of R, Vagus caused all the 


contractions to pass for a time. | 
Fig. 11. March 1, 1882. Removal of a partial block by stimulation of R. 
Vagos: 


Aorta held. Auricle slit up until only every second contraction of 
As passed. Stimulation of R. Vagus; sec. coil at 8c.m. After the 
second stimulation given in the Fig. the contractions all ‘passed perma- 
nently, so that a new block had to be miade in order to repeat the ex- 
periment. Time marker every 2 seconds. 
Fig: 12. May 8, 1882. Increase of partial block by stimulation of the 
Coronary nerve. 
Aorta held. auricle slit up. Stimulation of ‘ coronary nerve, 
Sec. coil at 8c.m. Time marker every 10 seconds. . 
Fig. 13. April 27, 1882. Increase of a partial block by stimulation of the 
R. Vagus nerve. 
Aorta held. Auricle slit up. Sec. coil at 6 cm. Time marker 
every 2 seconds. 
Fig. 14. “Oct. 10, 1882. Sinus beats continue during R. Vagus stimulation. 
_ Aorta held. R. Vagus stimulated; sec. coil at 10 and 11 om. 
respectively. Rhythm of sinus remains unaltered during the stimula- 
tions. With the stronger stimulation the beats of the sinus were 
diminished in strength to a greater extent than with the weaker 
stimulation. Time marker every 2 seconds, 
Fig. 15. Oct. 28, 1882. Lengthening of the pause between the beats of the 
sinus and auricle during stimulation of the R. Vagus. : 
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Sinus beats (S) are made evident by the stimulation of the nerve. 
Sec. coil at 10 ¢.m. 

Fig. 16. Snake’s auricle. Shortening of the pause between the beats of the 
sinus and auricle during stimulation of the R. Vagus. 

In the two curves given the stimulation of the nerve commences at 
the arrow (a) and ends at the arrow (w). Sec. coil at 6m. Drum 
moving rapidly. 

Fig. 17. Nov. 21, 1882. Action of a weak interrupted current upon the 
spontaneous contractions of a strip from the apex of the auricle. 

By the application of single induction shocks every 5 seconds com- 
bined with the interrupted current at intervals the strip had been 
brought into the condition of spontaneous beating. 

i Curve 1. gives two examples of the effect of an interrupted current 
sent through the strip upon the strength of these -piiaraveatites contrac- 
tions. Sec. coil at 9.5 and 8.5 c.m. respectively. 

The strip was kept moist through the night and at 12.30 p.m. 
on Nov. 22 curve 11, was taken and shortly afterwards curve Ill. 
Sec. coil pushed gradually from 8—5 om. and from 8—6 cm. 
respectively. In both curves the contractions of the strip are spon- 
taneous, Time marker every 5 seconds. 

Fig. 18. Nov. 15, 1882. Action of single induction shocks applied to the 
R. Vagus. 

Aorta held; auricular beats only registered. 

Curve 1. shows the effect of a single strong (sec. coil at 0 cm.) 
induction shock applied to the R. Vagus i in the neck. 
~ Curve 1. gives the effect of a series of single induction shocks to 
the R. Vagus every 3 seconds. Time marker =~ 3 seconds, Sec. 
coil at 0 c.m. 

Fig. 19. May 8, 1882. Action of atropin applied to junction of auricle and 
ventricle. 

Aorta held. Auricle slit up so as to cause partial block. Atropin 
sulphate (1 per cent.) applied to junction of auricle and ventricle. 
Stimulation of coronary nerve (sec. coil at 6 c.m.) is no longer able to 
influence either the force of the contractions of Av or the passage of 
the contraction from As to Av. | 

Stimulation of R. Vagus (sec. coil at 6 c.m.) acts as before the 
application of the atropin. Time marker every 10 seconds. 
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DESCRIPTION OF A DOUBLE CARDIOGRAPH FOR 
THE FROG’S HEART. By J, THEODORE CASH, MD, 


THE desirability of combining stimulating and registering appliances 
in a simple form of cardiograph presented itself to me when in conjunc- 
tion with Dr Brunton I was about to enter upon some investigations 
on the modification of rhythm of the frog’s heart, produced by 
stimulation. The Differential Float Cardiograph which is shewn in 
figure 1, is on the principle of a model I made two years ago, and upon 
which from time to time slight alterations have been made. The en-— 
graving is prepared from a photograph which Mr P. Bloxam, of King’s 
College, kindly took for me. 


ii 


The objects which were chiefly had in view in constructing this 
little apparatus, were (1) To keep the heart as nearly as possible in 
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its relationship with surrounding parts, nervous and vascular, so that 
it should continue to fulfil its normal circulating function. (2) To 
admit of stimulating venous sinus, auricles and ventricle at pleasure. 
(3) To register the movements of auricles and ventricle, (4) To study 
the effect of poisons on the heart in situ, The fulfilment of the first 
condition is chiefly dependent upon the avoidance of haemorrhage 
whilst preparing the frog, as there is in the subsequent.manipulation - 
no cause which should hinder the heart from keeping up an active 
circulation for many hours, The brain and spinal cord, or preferably 
the brain anterior to the medulla is destroyed: the animal is by either 
operation deprived of sensibility; but it is of course often desirable 
to retain medulla and cord, more especially so when injection of any 
solution into the lymph sac is contemplated, 

It need scarcely be said that dividing the skin freely in the middle 
_ line, excising the sternum, clipping through the clavicles, opening the 
pericardium, and carefully severing after ligature the membrane running 
to the under surface of the ventricle—are preliminary operations which 
with care and the use of an occasional ligature, need not be accom- 
_ panied by any bleeding. 

If the pneumogastric is to be prepared for stimulation, it is better to 
remove the sternum entirely; but if it is desired only to reach the 
heart, the anterior part of the sternum with clavicles attached may be 
retained, For convenience of preparation the board of the Cardiograph, 
which is screwed by means of a nut and collar upon a steel upright, 
is provided with a vulcanite slide having an upper face of cork. This 
slide is removed previously to an experiment, and a sheet of filter paper 
cut of like size, and damped with salt solution, is laid upon it. The frog 
is placed in the dorsal position upon the paper; if the cord has been 
destroyed it will not require any fastening of the limbs, but should the 
cord be intact and it is intended to use strong currents for stimulation, 
from which there may be an escape, a pin passed obliquely through the 
anterior part of the palate into the cork, and a couple of pins from 
which threads from the toes are attached (or run through the skin 
beneath the tendon of the triceps, which does not cause any haemorrhage) 
will be found in conjunction with the heart-rest to hold the animal 
effectually. 

The heart-support, which is made of ilceniie or metal, passes by 
_ its transverse arch across the body and is held in position on either 
side by means of pins passed through openings in its rectangular arms, 
which ‘rest upon the cork, The heart-shelf passes outwards at right- 
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angles from the highest part of the arch which spans the body; it is 
somewhat cupped on its upper surface in order that it may afford a 
resting place from which the heart will not slip during its systole. The 
free extremity, i.e. that which lies in contact with the sinus, is cut out in 
a wedge shape, thus forming slightly projecting arms which afford better 
support for the auricles, whilst the cava escapes pressure which might 
otherwise interrupt the normal circulation. The heart-rest itself is 
penetrated by a pair of electrodes which run parallel to its surface and 
terminate in the V cleft referred to in platinum points. These points 
are destined for stimulation of the venous sinus, and are connected 
with a pair of nuts on the commutator at the foot of the board. Much 
advantage will be gained by frequently placing a bolster of cut filter 
paper moistened with salt solution under the upper part of the trunk 
of the frog, thus raising the chest somewhat in relationship to the 
abdomen; -the heart in this position has little tendency to leave the | 
shelf, and the circulation from below experiences the minimum of resist- 
ance. A modification of the heart-shelf which I have found very useful 
in testing the effect of changes of temperature upon the heart, is 
represented in figure 2. It is of the same form as the vulcanite 
support already described, but has a cupped shelf of metal for the 
reception of the heart. This is hollowed into a small receiver through 
which iced or heated water is passed by means of an entrance tube, 
connected above with a funnel, and an exit or waste tube. The under 
surface of this receiver is covered by an ivory insulating plate in which 


run the electrodes for stimulation of the venous sinus. It is well, in 


order to prevent drying of the under surface of the heart by the hot 
plate, to interpose a slip of moistened filter paper between the two. | 


Fic. 


HEART-SUPPORT ADAPTED FOR HEATING OR CooLine Hear. 


The commutator which has just been referred to consists of a cirowlar 
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block of vulcanite on the upper surface of which are two handles which 
are connected by means of nuts with wires from the induction coil. 


Each handle moves over three brass points, these points being the upper | 


terminations of binding screws which hold the various wires passing to 
the stimulating electrodes. Pairs of wires are screwed in corresponding 
pairs of nuts, and thus by moving the handles which conduct from the 
secondary coil to a similar position, stimulation will be admitted to 
venous sinus, auricles or ventricle; or should it be desired, of course other 
combinations may be produced. The commutator fits accurately by 
means of two vulcanite caps into pegs placed at the foot of the board, 
and can be raised or altogether removed at pleasure. 

A pair of levers—the arms of which are of vulcanite and which are 
brought into connection with auricles and ventricle by means of adjustable 
arms terminating in floats—serve to record the movements of the heart 
in the usual manner-upon a lightly blackened surface. The floats are of 
a shape adapted to the part with which they are to lie in contact. The 
auricular float is saddle-shaped, in order that it may rest on the auricles 
on either side of the aortic bulb, without compressing the latter. A 
slight impulse from the Aorta when the circulation is active is 
frequently difficult to avoid, but as it seldom masks the auricular 
movement it is not a serious drawback to the tracing. The extremities 
of the saddle are provided with platinum foil, and this being in contact 
with wires passing up the rectangular arm and thence to the com- 
mutator by means of long and very fine convoluted wires, enables 
stimulation to be directed to the auricles. The ventricular float is the 


shape of an heraldic heart and is hollowed out below; it likewise bears ~ 


electrodes for stimulation which are connected with the commutator, as 
in the case of the auricular float. As it is sometimes advisable to 
control the results obtained from excitation of the upper surface of the 
ventricle, by testing the effect of a transversing stimulation, the heart- 
shelf carries an electrode upon which the ventricle rests, and when the 
connecting wire from this electrode and one of those carried by the 
float are brought into the secondary circuit, the desired means of 
stimulation is obtained. 


I need not point out that the ventricle hardening in systole between — 


the immovable shelf and the movable float, translates its movement 
entirely to the latter. 


It is unnecessary to enter into the details of the mode of connection — 


of the float arm with the lever, or of the arrangements for modifying the 
‘relationship of the axes to one another in order that the levers may 
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write the one above the other, whilst the movement of each float is 
independent of its neighbour, An important element in the success of 
experiments with this instrument is the maintenance of the circulation, 
and to favour this the pressure of the floats upon the heart cavities 
must be carefully graduated. Whilst the ventricle works most satis- 


_ factorily, both from a graphic and a functional point of view when it is 
slightly burdened, the auricles, thin walled and delicate as they are, 


are intolerant of a pressure much greater than is sufficient to cause the 
float: resting on them simply to follow their movements, and for that 
reason the auricular lever must be brought first of all to equipoise, and 
then only that degree of pressure permitted which the condition of each 
heart shows to be expedient. Each lever has at its axis a boxwood 
pulley of 1 cm. in diameter, The centre of the pulley is furnished with 
brass bearings into which screw points accurately fit; its margin is 
grooved so as to admit of a thread lying at the circumference. The 
threads hanging over the board of the cardiograph are attached to two 
glass cylinders,—only one of which is represented in the cut—these are 
best made of elongated form and contain mercury or shot to act as 
counterpoise. The weights once regulated for a given heart, require 
only occasional alteration, but the great desideratum of not over- 


_ burdening the auricle must always suggest a careful examination of its 


behaviour under the float, and a re-adjustment of its counterpoise if 
necessary. I have not unfrequently found on examining the web of a 
frog from which I had been taking tracings for many hours, and upon 
which the floats were still resting, that the circulation was in an active 
and satisfactory condition. In order to obtain this result all parts of 


_ the frog should be carefully covered with filter paper damped in salt 


solution—even the heart should be surrounded in this’ mianner, leaving 
merely an opening through which the float arms pass.’ An apron of 
gutta-percha tissue drawn over the legs and belly up to the heart- 
support. will effectually prevent the evaporation of moisture from the 
filter paper covering these parts. 

In conclusion it may be mentioned that the effect of poisons injected 
into the dorsal lymph sac may be satisfactorily observed by means of this 
apparatus, and in the preparation of a frog with this object it is advisable 


to leave medulla and cord intact in order to favour absorption, 
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AN EXAMINATION OF SOME CONTROVERTED POINTS 
OF THE PHYSIOLOGY OF VOICE, ESPECIALLY THE 
REGISTERS OF THE SINGING VOICE AND THE FAL- 
SETTO. By T. WESLEY MILLS, M.A. MD. LR.CP., Lond. 
Assistant of the Professor of the Institutes of Medicine, McGill 
University, Montreal ; formerly Clinical Assistant at the Throat and 
Chest Hospital, London, England, 


(Read before the Amer, Assoc. for the Advancement of Science at 
Montreal, Aug. 1882.) 


SomE years ago before becoming a member of the medical profession 
I found myself after careful observation possessed of ideals as to utterance 
with the speaking voice which my vocal organs failed to produce, but 
after working at the matter in an empirical way the erring mechanism 
learned at length to obey my will and satisfy to some extent a very 
exacting ear. Later my practice as a physician devoting special atten- 
tion to diseases of the throat and allied parts in singers and speakers as 
well as others, impressed upon me the necessity of understanding as well 
as possible the physiology of the voice if only as a sort of mental satis- 
faction in the practice of my profession. The ordinary practice of the 
laryngologist does not, it seems to me, furnish of itself observations of 
the extensive and accurate kind necessary to the examination of questions 
of so™difficult and unsettled a character. The more I read the more 
confusing the subject grew : the views in works of a popular kind espe- 
cially seemed sometimes as the very “coinage of the brain,” It then 
occurred to me that I might get some solid ground for scientific deduc- 
tions if a large number of persons of different classes were submitted to 
searching laryngoscopic observations. These investigations were originally 
begun with a view of determining the question of the registers of the 
singing voice, but as they proceeded the subject grew upon me and 
other questions were included. All the observations on others were 
submitted to the test of autolaryngoscopy in a manner satisfactory to 
myself, 

The facts and deduetions from these investigations are now submitted. 
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I. Functions of the Epiglottis. 


Garcia’ fell into the error of supposing that the difficulty in seeing 
the glottis with the laryngoscope was due chiefly to the movements of 
the epiglottis. He was obliged to confess that one third of the glottis 
at its anterior portion was concealed always from his view. Dr Gordon 
Holmes’ has however put this question in its true light. Mr Walton’ 
in an interesting paper maintained that “the epiglottis was seen 
to take different positions in changes of pitch, quality and intensity.” 
This writer quotes Miller‘ as favouring this view as to pitch, but seems 
to forget that Miiller could by means of the changes in the position of 
the epiglottis in the exsected larynx lower the pitch only half a tone ; 
while Wyllie® got a lowering of but one tone when “only a narrow 
opening between its margin and the arytenoid cartilages was left.” 
Walton and others have made the mistake of considering the movements 
of the epiglottis as essential when they are only incidental. It was 
most unfortunate that Walton confined his observations with the 
laryngoscope to a single case, since after the examination of a large 
number of persons such variations must have been apparent as would 
have led him to suspect the soundness of his conclusions. What guarantee 
had Walton that the epiglottis deported itself similarly in women and 
children? Indeed it is’a well-known fact that the epiglottis is habitu- 
ally more overhanging in the latter. Most likely persevering auto- 
laryngoscépy would also have put the matter in a truer light. To 
discuss the subject in the order in which Mr Walton has presented it 
consideration will be given to: 


1. Changes in Pitch. As it will be necessary in this paper to 
make frequent references to musical pitch, for the sake of conve- 
nience, the following notation will be employed. Using the Treble 
Clef all notes written on or above the clef proper will be indicated 
by a capital letter, with a small numeral attached according to 


the pitch, while for those below the clef the numeral will be omitted. 


would be read thus: G, G', G*; D, D', 


1 London, Edin, and Dub. Phil. Mag, Vol. x, 4th series. 

2 Vocal Physiology and Hygiene, p. 124. 

Journ. of Phys, Sept, 1878, 
* Physiologie, 5 Edin, Med. Journ, 1866, 
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Walton states that for each rise in pitch above E? the epiglottis 
projects more over the vocal cords. This is true, but is due not so much 
to its own proper motion as because the larynx rises. The following ex- 
periment will show that the change of pitch due to the movements of the 
epiglottis must be very slight. First let a scale be sung with the finger 
in position to hold down the epiglottis on the base-of the tongue, but 
not actually touching the former. Next holding down the epiglottis, 
sing the same scale. Only a very slight alteration of pitch will be 
observed. This may be verified by comparison with a musical instru- 
ment. During the singing of a scale the relative position of the larynx, 
epiglottis, tongue, &c. are constantly changing. The actual amount of 
change in position of the epiglottis may be determined as follows: 
holding down the tongue so that it may not move, let a scale be sung 
while observation is confined by means of the laryngoscope to the epi- 
glottis alone, its own proper movements will be observed to be very slight. 

2. Changes in Quality. Walton while stating that the epiglottis 
acts as a ‘resonator, founds his belief on analogies with other musical 
instruments. Such are very fallacious. If when a note is being sounded 
loudly the edge of the epiglottis be carefully touched with the finger its 
vibrations may be felt. My own attention was called to this when 
attempting to repeat some of Miiller’s experiments on the dead larynx. 
A blast of air from a bellows attached to the trachea striking the 
epiglottis threw it into visible vibrations and a loud, penetrating sound. 
resulted. I do not conclude from this result however that it acts exactly 
thus in life. Walton in his conclusions did not distinguish between the 
effect on quality of the epiglottis alone and of the latter acting with the 
base of the tongue. If, however, a scale be sung as indicated before, 
taking care that the tongue does not move, the difference in quality will 
be observed to be slight but yet distinct. I therefore conclude from 
my own observations, &c. that the epiglottis may act like a resonator, and 
probably is one in some degree; that by its movements it is a modifier of 
the quality-of sounds but not appreciably of their pitch; but that the 
question as to how far the mere presence of the epiglottis independently of 
ws particular movements, may influence these qualities of sound 18 not as 
yet determined in the human subject. 


Il. Injluence of the Trachea on Pitch. 


Savart? proved that a tube which has walls capable of variations in 
tension to a high degree can alter the pitch of a note; and it was by 


_ 1 Bee Miiller’s Physiology. — 
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many after him thought that such conditions existed in the trachea of 
animals, Quite recently in a work’ by a well-known laryngologist 
Savart’s view is maintained. The author seems to attach no'weight to 
Muller’s* experiment which seems all but conclusive against such a view. 
This physiologist found that when he attached to a tube made up to the 
extent of three inches of human trachea, a wooden pipe of the length 
of four and a half inches, the note produced was the same as when a 
tube of equal length but made up entirely of wood, was used. The 
difficulty here as in other parts of this complex subject is, it seems to 
me, that actions and changes which merely accompany certain alterations 
in pitch are liable to be confounded with others which are essential. 
It is a matter of the commonest observation that above and below a 
certain point in the scale (which latter varies with sex, age, and the 
individual) the larynx rises or falls according as the pitch is above or 
below this fixed point which has been named the ‘station note.’ The 
ascent of the larynx can be effected solely by the muscles connecting it 
with the hyoid bone; and its descent requires only the action of the 
sterno-thyroid. Bishop’ has shown that when the voice is elevated in 
pitch the trachea rises out of the chest, and concludes that instead of 
the lengthening of this tube there is a shortening with a decrease in its 
diameter. As regards the latter and the rise of the trachea there is no 
‘doubt. Cagniard-Latour and Griitzner‘* have shown experimentally 
on the living subject that with each rise of pitch there is a proportionate _ 
increase of expiratory or breath-pressure. I have noticed that when an 
exsected larynx with a trachea attached is connected with a bellows, the 
extension of the tube and consequent rise of the larynx is dependent 
upon the blowing force. It thus appears that there are causes other 
than muscular action to account for the rise of the larynx. The question 
then occurs, is there an associated action of the thyro-hyoid? There 
certainly is of the palato-pharyngeus and inferior constrictor. The 
latter two muscles, as will be shown later, have an important function in 
raising the pitch; and in the lower tones there certainly is a contraction 
of the sterno-thyroid muscles, for their hardening may be distinctly felt 
in the neck. By holding the breath and thus closing the glottis, and 
then without opening the latter imitating the usual expiratory action, 


1 ‘Medical Hints on the Production and Management of the Singing Voice’, by Mr 
Lennox Brewne, London. 
Physiologie, 

® Todd’s Cyclopedia of Anatomy; Article Voice, pt, xu11. 

* Hermann’s Handbuch der Physiologie, Vol. 1. pt. 2, pp. 63—64, 
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the trachea and larynx may be felt to rise. From all the above-stated 
facts I conclude that: (1) While the breath-pressure is almost if not 
quite sufficient of itself to account for the rise of the larynx and trachea, 
it does not explain its fall below the position for the ‘station note.’ 
(2) For the efficient action of the arytenoid and cricoid cartilages in 
particular and to effect a state of support and tension generally in ‘the | 
larynx, 


III. Influence of the Supra-glottic Chambers on Pitch. 


When Miller’ placed a tube above the vocal cords he got an increase 
of pitch of only half a tone; and Wyllie®* by prefixing a tube of fifteen 
inches length influenced thereby the pitch to the extent of one tone. 
Helmholtz’® is not inclined to give much weight to the view that the 
air-chambers can alter materially the tones of the vocal cords, As I 
must raise some objections to his conclusions I quote the passage. 
“Their walls are so yielding that they cannot allow the formation of 
vibrations of the air within them sufficiently powerful to force the 
vocal cords to oscillate with a period which is different from that 
required by their own elasticity. The cavity of the mouth is far 
too short and generally too wide open to serve as a resonance chamber 
_ which could have material influence on pitch.” The tubes Miiller and 
Wyllie used were rigid and do not therefore comply with the conditions 
existing in the pharynx, mouth, &c. It must be remarked that these 
_ upper air-chambers are capable of the greatest variation in size, shape 
and tension, The shape and especially the tension of the pharynx are 
alterable in a high degree by the action of the palato-pharyngeus and 
inferior constrictor. That these muscles act in close relationship with 
those of the larynx must have been observed by every physician who 
has been accustomed to apply frequently strong applications to the 
larynx (spasm). During the production of high tones as insisted upon 
by Wyllie‘, Fournié® and Holmes* the wings of the thyroid cartilage 
are compressed by the inferior constrictor. It follows that the pharynx 
is altered in shape. This undoubtedly affects the quality of the voice 


1 Op. cit. p. 1019. 2 Op. cit. p. 233, 
Die Lehre der Tonenfindungen, ete. 
v * Op. cit. pp. 228, 236. 
5 Physiologie de la voiz et de la parole, p. 404. 
Op. cit. p, 122. 
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(see remarks on table of observations given later); does it likewise 
affect the pitch, especially when taken in connection with changes — 
accompanying it in the other upper resonance chambers? Helmholtz’s 
objections carry with them the weight of his high authority. I shall, 
however, adduce some experimental facts in support of my position. 
- It is scarcely possible to conceive how this matter could be put to 
experimental proof except in the living subject. It would be all but 
impossible to imitate the conditions in life on a dead subject. Attention 
will be first directed to the following statements which at first blush 
appear correct and seem to militate against my conclusions. (1) A 
scale may be sung to the same sound without change in the mouth, 
pharynx, &c. (2) By placing the finger on the Pomum Adami a scale 
may be sung without any observable change in the position of the larynx. 
(3) Miller’ and Wyllie’ on the exsected larynx, by imitating the changes 
which observation with the laryngoscope shows do take place in the 
living subject, produced a series of tones ranging through two octaves. 
All the above statements stand in need of criticism. As to the first it 
is true that if one begins with the “station note” a few tones may be 
produced, I will not say sung, to apparently the same vowel sound ; but 
in reality it is not the same, With similar restrictions the second 
statement holds within the compass of a very few notes. But even 
granting this the statement does not apply equally when the parts 
~ above the larynx are included. Miiller’s and Wyllie’s experiments 
- only proved what a dead larynx is capable of when the mechanism of 
life is imitated. They did not pretend to say that they had determined 
what the conditions of the glottis even were which in life corresponded 
to a certain pitch. The laryngoscope, it is scarcely necessary to 
observe, appeared long after Miiller’s experiments were made, and 
Wyllie, as will appear later, was in error as to some of his observations 
with this instrument. 

In opposition to all the foregoing objections to the position I take 
that the supra-glottic chambers do constantly exercise an important 
influence on pitch, I submit the following series of observations or 
experiments which almost anyone may test for himself. (1) Retaining 
the vocal cords and all the laryngeal mechanism in the same condition 
and using the same degree of breath-power, without stopping the expira- 
tory current for an instant, by passing suddenly from the arrangement of 
the supra-glottic parts suited to the utterance of the o (as in note) 


Op. cit, 2 Op. cit. 
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to that form of the parts requisite to sound ¢ (as in me), there will be 
noticed a change of pitch which the most undiscriminating ear cannot 
fail to appreciate. (2) With the laryngeal mirror in position, and allow- 
ing the parts every play necessary so long ‘as the view is not intercepted, 
the same experiment may be repeated with a similar result, i.e. change 
of pitch, without noticeable change im the glottic appearances. I have 
found autolaryngoscopy very satisfactory in this case. Now here is a 
difference of pitch of many tones yet no appreciable change in the 
larynx, at least in the glottic orifice, The vowels o and e have been 
selected because they are so far apart in pitch that the effect of the 
supra-glottic changes is very evident; but the fact is, there is not a 
single note man can speak or sing which does not require a definite 
change in the supra-glottic parts in respect to shape, size and tension. 
If close attention be given to the above experiment it will be observed 
that the ¢ sound is not pure, but seems to be accompanied by a sort of 
drone, which latter is probably the expression of the glottic note proper ; 
nevertheless the e sound is the predominating one to our ear at least, 
whatever the testimony of resonators may be, It must not be forgotten 
that the question is not how tones may be produced, but how they are 
actually produced in human throats every day. (3) If the vowel a (as 
in say) be sung at about the pitch of common conversation or rather 
higher, and a musical instrument, preferably a violin, sound at the same 
time C*¥ or some other note such as seems best in accord with it, it will 
be noticed that a departure from the note even by half a tone alters 
slightly the character of the sound we attach to the letter in question. 
It is therefore manifest that there is a definite pitch:to which the 
particular vowel in question corresponds; and the vocal cords in man 
must be tuned to suit that particular vowel to give it its perfect sound ; 
at the same time there is a fixed condition of the supra-glottic chambers 
which is quite as essential and has a very large share in determining the 
pitch. That in man the pitch is determined independently of the swpra- 
glottic chambers there is no positive evidence whatever; while the ob- 
servations above detailed demonstrate that these chambers do influence 
in a material degree the itch of every note sung or uttered. So far 
as I know this view has never been developed before, But it may be 
objected that if this be the case the utterance of words as they are 
arranged for the purpose of communicating ideas in singing would be 
impossible or at least incorrect. Such indeed is the case, for the music 
and the words (that is the vowels they contain) may and often do not 
harmonise. The best composers have practically given attention to 
PH. IV. 11 
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this matter, and singers are perfectly familiar with the difficulty, indeed 
the impossibility, of correctly sounding certain vowels on certain notes. 
The auditor experiences a corresponding difficulty in recognizing the 
vowels sung when thus misplaced so to speak. But the presence of 
consonants assists him in recognizing the word. To illustrate my 
meaning by a single example: If the vowel o be attempted to be sung 
at a very high pitch or the vowel e¢ at a very low pitch it will be all but 
impossible to recognize them. Now in man no sounds at all worthy the 
epithet musical are produced which are not those of the simple vowels 
or their modifications, I am therefore forced to the conciusion that in 


accounting for pitch we must.take into consideration the condition of 


the supra-glottic apparatus as well as the behaviour of the larynx; but 


that. any attempt to solve the question by one of these factors alone 


overlooks obvious facts. As to how the glottic orifice sai itself in 
this complicated process will be hereafter explained, 


TV. The Falestto Voice. 


I shall give with due brevity the views of some previous investigators 
in this field whose earnest efforts to solve the question at issue I feel it 
would be injustice to overlook. Gottfr. Weber’ compared falsetto notes 
to the harmonics of strings, and attributed their formation to nodes 
giving rise to segmental vibration. Liscovius’ held that the cords are 
lax when ordinary notes are produced and tense during falsetto 
utterance. Lehfeldt* seems to have been the first to maintain that 
the edges of the vocal cords alone vibrated. Miiller’ believed that the 
edges of the vocal cords alone vibrated but throughout their whole 
length. He further says:* “the deeper notes of the male voice can be 
produced only with the natural voice, the highest with the falsetto only ; 
the notes of middle pitch can be produced either with the natural or 
falsetto voice ; the two registers of the voice are therefore not limited in 
such manner that one ends where the other begins but they run in part 
side by side.” This latter remark my observations (see table and notes 
on it) seem amply to confirm. Wheatstone‘ attributed the falsetto to 


the vibration of the harmonic divisions of the column of air in the - _ 


1 Cecilia 1. p. 81. 

2 Miiller’s Physiology, p. 1013. 

3 Miiller’s Physiology, p. 10382. 

* See note in Miiller’s Physiology, p. 1022 et al. 
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trachea. This view is probably wholly erroneous. Wyllie’ speaking of 
Miiller’s conclusions makes a suggestive remark: “It astonishes me to 
hear Miiller speaking so confidently of distinguishing the true and false 
tones in the voice of the dead larynx. - In my own experiments I never 
succeeded in doing so; I even found that very little difference could be 
observed between the male and female larynx further than the fact that 
the voice of the former is set several notes lower than the latter.” So 
far as laryngoscopic appearances go Wyllie himself was very wide of 


the mark, for he says “ The laryngoscope shows us that during phonation 


the vocal cords never come into actual contact in the posterior half or 
three fourths of their extent; but owing~to the projection of the 
epiglottis we are as yet uncertain as to what may take place at their 
anterior extremities. He quotes Magendie’s experiment on the dog 
in confirmation; but surely there is little resemblance between the 
voice of this animal and that of man! Dodart’ explained the falsetto by 
supposing that the nose became the principal tube of sound instead of 
the mouth. The nose influences the qualities of sounds both of the 
natural and falsetto voice, but has no essential function in the formation 


of the latter. The views of Bishop* though he wrote prior to laryngo- 


scopic times contain much of the truth. This writer supposed that the 
crico-thyroid chink opened in passing from the natural to the falsetto 


_register. He suggests that the falsetto may be produced by the closing 


of the glottis in part and this he points out could be effected by the 
thyro-arytenoid muscle. As a result “only half the length of the 
ligaments can be made to vibrate.” Hence, as he thought, also the 
explanation of the high pitch of most falsetto tones and the fact that 
less breath-pressure is required in their formation. The feebleness of 
the falsetto he explains by the statement that “the parietes of the vocal 
pipe are no longer in unison with the glottis but its grave octaves.” In 
this he was misled by Savart’s theory relative to tubes of elastic walls. 
Garcia‘ adopted the edge vibrating theory of Lehfeldt and Miller, 
and he thus explains the weakness of the falsetto tones: “the lips of 
the glottis stretched by the horizontal bundle of the thyro-arytenoid _ 
come into contact by their edge alone, formed at once by the ligaments 
and apophyses, and offer little resistance to the air. Hence arises the 


great loss of that agent and the general weakness of the sounds pro- 


1 Op. cit. p. 284. | 
2 Mem. de Acad, 1707; 
Op. cit: p. 224, 
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duced.” Garcia’ erroneously supposed that contact of the lips of the 
glottis throughout momentarily was essential for the production of 
sound; in fact his entire explanation of the manner in which sound ‘is 
produced i in the larynx was faulty. Madame Seiler’ also adopted the 
view that the edges of the vocal cords alone vibrate, but as will appear 
later, does not use the term falsetto, in the sense in which most other 
writers employ it. The same remark applies to Garcia’s use of the 
term. Griitzner* in his exhaustive article on the voice depicts after 
Mandl the glottic appearances of the ‘tone-producing larynx’ in the 
fistel or falsetto voice. In some degree of contrast with this is Holmes* 
diagram ; this latter is given as applicable to the appearances at the 


I. The larynx during falsetto production. After Mandl. 
II. The larynx during the emission of falsetto tones; middle range. After Holmes. 


III. The larynx of the Female during the production of head tones, as seen by the 
author. 


‘middle of range, but I take it both Mandl and Holmes refer to the 
high falsetto, that is to say to notes above D'. Merkel* thought the 
edges of the vocal cords were rendered thick by the contraction of the 
internal thyro-arytenoid, while this muscle was relaxed in the falsetto 
production to allow of more rapid vibration by thus furnishing a margin 
thin and sharp. Holmes*® also thinks it is relaxed and says “ Upon 
the whole I think it most in accord with observed facts to suppose that — 
the falsetto range is produced by a truly sphincter-like action of all the 


1 Op, cit. p. 221. 

2 The Voice in Singing. 

’ Hermann’s Handbuch, Vol, 1. Pt, 2, p. 96, 
4 Op. cit. p. 117. 

° Physiologie der Menschlichen Sprache, p. 26, 
6 Op, cit. pp. 120, 121, 
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constrictive glottic muscles.” Mr Lennox Browne’ thinks “the palate 
has something more to do with falsetto production than is generally 
admitted.” But this writer's views as expressed in the same work on 
the appearances in phonation of the vocal cords and their function 
generally are surprising enough; not more so however than the 
following statement of his: “In those few cases in which I have well 
seen the larynx I have failed to discover any appreciable differences in 
the opposing edges of the vocal cords or of the space between them 
from what would be the case with the production of a true note of 
similar pitch.” Verily this is an astounding statement coming from a 
laryngoscopist of such reputation! Foster* gives Vacher’s® view, which 
is to the effect that the cords in chest notes vibrate along their whole 
length but in the high falsetto along their anterior portions only. He 
speaks of a ‘stopping’ action, but as I have not Vacher’s work at hand 
I do not know how he explains this. Foster‘ states that it has been 
suggested that such ‘stopping’ action may be explained by the anato- 
mical consideration that some of the fibres of the thyro-aryten. intern. 
in passing either from the arytenoid or thyroid cartilages do actually 
terminate in the vocal cords themselves. With a view of ascertaining 
the truth in regard to this I made some dissections of the larynx both of 
the lower animals and of man. The muscle is certainly very adherent 
especially in the human subject but I cannot say that my dissections 
confirmed this view, though on this point I would not be too positive. 
As Foster well observes however, judging from the facility with which 
the falsetto can be produced after practice, it is probably connected with 
“some muscular mancuvre.” 

I shall now present my own view of falsetto voice production, 
founded upon autolaryngoscopy and repeated and careful examinations 
with the laryngeal mirror of the three classes of persons into which the 
subjects of my observations have been divided’, It will presently appear 
that amid all the apparent diversity in the views of others there is in 
each an element of truth; and it is because of this that I have felt it 
proper to give them a place in this paper. Part of the difficulty of this 
subject has arisen from the fact that some writers (Garcia, Seiler) use 
the term falsetto to,mean a register of the voice interposed invariably, 


1 Op. cit, p. 44. 

2 Physiology, 8rd edition, p. 605, 

3 Vacher, de la voiz, Paris, 1877. 

* Op. cit, p. 604. 

5 See Table and Notes thereon given later in this paper. 
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when production is not faulty, between the chest and head registers in 
both sexes; while others use the word to mean rather.a quality of voice — 
restricted mostly to males and placed in the higher compass of the voice. 
Recognizing the truth of Miiller’s statement previously quoted as to 
the overlapping character of this voice, when the term falsetto is used 
in this paper it will be in the sense of a certain quality of the voice and 
not in the manner of Garcia and some others. I am _ thoroughly 
convinced, as I hope to show, that the head voice of females and the ~ 
high falsetto of males are produced by a method and mechanism 
practically identical. The glottic appearances are nearly alike in each; — 
in each there is the same sense of diminished breath-pressure when 
successfully accomplished; in each the mode and extent of vibration 
of the vocal cords are similar. What then are the constant and essential 
conditions of the larynx, what the appearances of the glottic orifice 
during the production of the falsetto voice in males? Without any 
exception my observations have shown that. the intercartilaginous glottis 


was closed and the vocal bands brought into opposition, the former 


completely and the latter posteriorly always, though to a variable degree 
in different individuals. I am not’ prepared to say that the vocal bands 


are always approximated so as to touch anteriorly, but they are in the 


highest notes of the falsetto compass. The figure by Mandl’, before 
alluded to, shows very well the appearances in a certain proportion of 


cases; while that given by Holmes’, more nearly depicts the glottic 


form in other cases observed, especially in those expert in the production 
of this voice, Nor does the figure given by Madame Seiler*® to 
represent the glottis during the utterance of head tones differ materially 
so far as it goes from Holmes’ figure for the falsetto. Very few persons 


can produce the falsetto as usually understood below about D',C’. In 


attempting to do so they simply produce the piano of the chest or 
‘head’ voice. But in watching these attempts with the laryngoscope I 
have observed what has been equally instructive with the perfect 
accomplishment of the object in view; the vocal cords try to adjust and 
come into opposition posteriorly but fail to maintain this position, and 
opening slightly a piano note is produced as described. This led me to 
infer that on the one hand such opposition is essential and on the other 
that a delicate accord must be established between the force and manner 


of blowing and the glottic arrangement ; for even in those most skilful 


the falsetto was never observed to be loud in the lowest tones and the 


Op. cit. 2 Op, cit, Op. cit. 
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blast of air employed was evidenty very feeble. In two or three cases 
there was the capacity to produce G' falsetto. One of these was 
particularly instructive; in his chest G* there was a distinct space 
posteriorly to the vocal processes if not actually between the vocal cords, 
but during falsetto production this space and the part of the vocal 
bands immediately in front closed at once and beyond all doubt. I 
conclude therefore that the essentials in falsetto productions are: 
(1) closure of the glottis posteriorly to a variable extent, depending 
largely on the pitch but somewhat different in extent in different 
individuals. (2) The force of the blast. (3) The manner of blowing. 
The variables are (1) the compass of the falsetto, (2) the extent to 
which the vocal bands approximate posteriorly and especially anteriorly, 
(3) the perfection with which the vibration of the sexmented portion of 
the vocal cords can be effected. Now almost precisely the same 
conditions apply to the head voice production in females. So far as my 
observations go those who do not oppose the vocal cords posteriorly do 
not produce genuine head notes but simply continue the lower register 


. upward. That the upper resonance chambers bear a certain relation to 


the falsetto as they do to the chest voice there is no reason to doubt, 

but the essential conditions for falsetto production are seen to exist in 
the larynx and wind apparatus as indicated above. The same remark 
applies to the head voice of females. During these investigations I 
have seen nothing that lends any color to the suggestion that either the 
ventricular bands or the ventricles of Morgagni, have a part in the 
falsetto production. Bishop’s' view as to the character of the vocal: 
organ in general seems to me the one most nearly correct. In discussing 
the resemblance of the vocal organ to both reed and stringed instruments 
he remarks: “Why then should we hesitate to adopt the obvious 
conclusion that the vocal organs do in fact combine the properties of 
these various instruments and are themselves the perfect types of which 
these instruments are only imperfect imitations.” . 


V. The Registers of the Singing Voice. 
Among musicians and writers on the voice the greatest diversity 
exists as to the meaning attached to those changes in pitch and quality 
which have in some way been connected with the term register. It 
would greatly facilitate comprehension of the subject if all writers at. 
least were to follow the example of the illustrious teacher of vocal art 


1 Illingworth; Student's Journal, Vol. rv. 1876. Nos. 87 et seq. 
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Manuel Garcia, and give accurate definitions to the terms they use. 
Garcia’s definition of a register is admirable’, “A series of consecutive 
and homogeneous sounds: rising from the grave to the acute, produced by 
the development of the same mechanical principle, the nature of which 
essentially differs from any other series of sounds equally consecutive 
and homogeneous produced by another mechanical principle.” Garcia 
and Mad. Seiler*® both adopt the same division of the registers, viz.: 
the chest and the head register with the falsetto interposed between 
them. But as Mad. Seiler’s treatment of the registers may be 
considered as an extension and, as she supposed, a correction of Garcia’s, 
the views of the latter will not be considered in detail in this connection. 
Mad. Seiler’s views will be selected for comparison and criticism 
because they are definitely and clearly expressed, and are given as the 


‘result of careful autolaryngoscopic and laryngoscopic observation, by one 


evidently of high attainments musical and scientific and possessed 
apparently with an earnest desire to find the truth of the matter taken 
in hand. This observer's opinions on the limits of the different registers 
and the condition of the glottis during musical production within the 
limits of each may be briefly tabulated thus : 


Tabulation of Mad. Seiler’s Views on the Register of the Voice. 
(a) Ist chest register extends (a) Whole glottis moved by loose 


vibrations, 


women 


(6) 2nd chest register extends (6) Vocal ligaments alone act. 


(*) Ist falsetto in the female (c) Edges alone of vocal cords 


vibrate, but whole glottis in action. 
extends to and in the ae 


2 Op. cit. 2 Quoted from Lunn’s Philosophy of Voice, p. 23. 
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(d) 2nd falsetto in the female (d) Edges of vocal cords only 
, used; vocal ligaments alone in action. 


extends to : and in the 


(e) Above this point head tones (ec) Edges alone vibrating, par- 
begin. tial closure of ligaments (posteriorly). 
Mad. Seiler maintains that these changes will be observed not only 
in those properly trained but in persons in whom the natural condition 
has not been disturbed by erroneous teaching. In favour of her views of 


the registers this writer further argues that such a division was that _ 


practically adopted by the most successful of all schools of singing, the 
old Italian; that it preserves voices fresh and prevents their premature 
decay; gives the best musical result judged by correct taste; that 
departures from it lead to straining, vocal decay and perversion of the 
highest aesthetic principles. She argues, and it seems to me with 
justice, that it is not a fair treatment of the question to submit to 
examination persons who have been subjected to systems of teaching at 
variance with these views and then demand that the observations be 
accepted as disproving her theories; or in other words to urge that such 
singers represent nature. Her treatment of the registers, particularly 
their divisions, has been subjected to a good deal of criticism; and 
certain writers, not belonging to the ranks of science or to the medical 
profession, have imported not a little warmth if not bitterness into their 
discussions. Of this latter class of writers who seem to think such 
questions can be settled by a few bold dashes of the pen no notice will 
be taken in this paper. 

Dr Gordon Holmes, however, in his scholarly and scientific work’ 
uses some arguments against such ‘a division of the registers as Mad. 
Seiler’s which I shall take the liberty to quote: “Having dealt with 
the questions as to the mechanical formation of the chest and falsetto 
notes it remains to consider at what level of the voice the break between 
the two usually occurs. We should naturally expect that this point 
would bear a similar relation to the bottom of the chest register in every 
individual, not occurring at any determinate point in the musical scale 
but moveable according to the notes embraced within the compass of 


. 1 Op. cit. pp. 135, 136, 187. 
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| each particular class of voice. Anatomical and physiological observa- 
| tions point clearly to such a conclusion. Amongst singing masters 
A however it is usually considered that the falsetto scale commences at or 
near G, whatever the kind of voice, and whether the singer be male or 

| female. I do not know whence this hypothesis originated but it appears — 
| to rest on the basis that in women’s voices there is often a break more 
| or less pronounced in that position, and a marked difference of timbre 
| between the ascending and descending series of notes. In many cases, 
on the other hand, the break and change of timbre are scarcely percepti- 
ble. It is difficult to believe that the finest notes of the soprano voice 
| are produced in a manner strictly analogous to the falsetto tones of the 
| male, and the fact that the female voice presents a second break near its 
_ upper limit where the so called ‘head’ voice begins, renders the pro- 
a position extremely doubtful. Such a view would also allow no falsetto 
notes to a bass singer who could not rise beyond D from the chest, 
whilst it would give only three or four chest notes to the soprano. As 
might be expected this conception of the registers is involved in some 
controversy even amongst teachers of music, some of whom argue for the 
physiological view of the subject. It is probable however that there are 
differences, as yet undefined, in the manner of forming or managing the 
vocal tones habitual to the two sexes which prevent their voices being 
reduced to one category with the same precision as a pair of musical 

instruments, identical except as regards size and pitch. Further inves- © 
tigations are much needed.” “Physiological view of the subject ;” but 
what is the physiological view of the subject? As to how far my 
‘further investigations’ sustain or invalidate Holmes’ objections will 
presently appear. The conviction that the high falsetto of the male 
and the head tones of the female are produced in a manner very similar 
has already been expressed. Mad. Seiler’, observes: “The difference 
between the bass and tenor voices lies in the greater or less ease with 
which the tones of the higher or lower registers are sung and in the 
greater fulness and beauty always connected therewith in the higher or 
lower register; that is in the timbre of the voice, not as is commonly 
thought in the difference of the transitions of the register.” ‘The same 
is also the case with the female voice; as well in the contralto as in the 
soprano voice the transitions of the registers are at the same tones, and 

the difference of the voice lies only in the timbre and in the greater — 
facility with which the higher or lower tones are produced and not in 
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the different compass of the voice.” These quotations may be considered 
perhaps as a partial answer to that part of Holmes’ objections which 
relates to limiting the falsetto of the bass singer and the chest. register 
of the soprano ; but let the logic of facts decide. To assist in settling this 
question I now present the records of the laryngoscopic examination of 
fifty persons; two others were examined, but from the peculiar natural 
conformation of the epiglottis it was impossible to see the action of the 
glottis with that accuracy necessary for an investigation of this kind. 
The examinations as before indicated, were undertaken explicitly with 
the object of settling, if possible, some of the disputed points in the 
physiology of the voice and especially the question of registers and the 
falsetto, and have been made with all the care of which I am capable. 
Following Griitzner’s nomenclature the persons examined have been 
classified ‘Non-singers,’ ‘Natural-singers’ and ‘Trained-singers’ 
(Nicht-Singer, Natur-Singer and Geschulten Singer). In the first class 
will be included those incapable of singing with any degree of acceptance 
simple airs, and those without ‘ear’ at all, of whom, however, were 
found very few; under the second class those who have never been 
subjected to any special individual musical training or any training 
bearing specially on registers; whilst among ‘trained-singers’ will be 
included only those who have thus been instructed. To this last 
restriction one exception was made, in Case 23; for this individual had 
really adopted the methods of trained singers; he had in fact trained 
himself after professional models. It has been thought conducive to 
clearness in their study to arrange these results into tabular form; to 
which have been added notes in order to make doubtful points more ~ 
satisfactory and give more explicit statement of important facts. The 
persons examined were mostly young, the ages varying between fourteen 
and thirty-seven; the average being about twenty years. They were, 
almost without exception, individuals of more than average intelligence, 
and codperated with me in a manner which at once deserves my thanks 
and which helped me not a little in a task that has proved somewhat 
arduous. Notes of each case were taken at the time of the examination 
and in some instances rough sketches of the glottic appearances made. 
The pitch was determined by a violin tuned to ‘concert pitch.’ 
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Table of laryngoscopic observations of glottic appearances in singing. 


(Males). 
I II Ill IV Vv 
At&belowG| At A, DB AtF$,G | AtD,bE,E 
1 | whole glottis | undetermined* | whole glottis| cartilaginous | Arytenoids in ap-| non- 
open open glottis closed | position. Vocal | singer 
cords in appos. 
posteriorly 
2 rytenoids undetermined | undetermi 
closed together 
8 a ? ? closed as in case 1 ” 
4 closed open see note unable to produce 
it 
closed as in case 1 
” ” 
7 closed ” ” 
9 99 ? 99 ” 
10 ? note unable to produce 
it 
11 | unable to take 
these notes 
12 9 3 99 99 ” ” 
13 closed closed as in case 1 
14 99 ? 9° ” ” 
15 closed ? 9? ” 
> ? 99 ” 
open ” 
17 closed ” ” natural 
singer 
19 9 ” ” ” ” trained 
20 ? see note 
21 ” open ” ” 
22 ” 9 ” 
23 ? ? ” ” 
31 ? unable to take | unable to produce} non- 
these notes it singer 
32 closed closed as in case 1 
25 2» ? ” ” ” natural 
singer 
26 | 9 ? ” ” undetermined ” 
27 ? ? as in case 1 
29 ” open ” ” ” 
30 ” 9? 9? 
33 99 ? 99 ” 
34 ? 99 ” ” 
35 9? ? 9? ” ” 


_ ™ «Undetermined ’ in the table means that the observation was not satisfactory enough 
to decide the point, or was impossible 


_ + In many of the cases, 
apposition also anteriorly. 


ough it is not explicitly stated below; the vocal cords were in 
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Table (continued). Females. 


At&belowG} | AtF, | c¥ At F, 
Case Class 
87 | whole glottis) whole glottis} whole glottis | Cartilaginous | The cords not in | trained- 
open . open? open glottis closed | apposition pos- | singer 
teriorly. 

open cords in appos. | _,, 
posteriorly &c. 
39 as in case 37 
40 9 ” ” undetermined ” 
41 9° ” ” closed as in case 38 natural- 

singer 

42 ” ” ” open ” 37 ” 
43 ” ” ” 
44 9 ” ” ” ” ’ ” 
45 9° ” ” ” ” 
46 ” ” ” 
47 ” ” ” closed (?) ” ” ” 
48 ” open ” ” ” 
50 ” ” ” ” 


Notes on. the Tables of Cases. 


Case 4. Had just been reading a paper before a Scientific society ; 
the cords a little congested ; laryngeal muscles fatigued, was unable to 
take D'; the cords wavered, failed to approximate posteriorly sufficiently ; 
the result a most disagreeable noise reminding me of Magendie’s ex- 
periment on the dog. Magendie thought the vocal cords approxi- 
mated only anteriorly. The fallacy of a single observation is obvious. 


Case 10. At position IV. the vocal cords left an appreciable space 
posteriorly, with the result a discord as in case 4; for a moment cords 
could be approximated and sound the correct note. 


General Note. In some of the cases, viz. in 3, 14, 15, 16, 19, 23, 26, 
27, 36 at position III. it has been marked doubtful whether the vocal 
cords were actually in apposition posteriorly or separated by a very fine 
linear space. In all of these cases a greater or less quantity of mucus 
lying upon and between the vocal cords rendered it very difficult to 
decide the question, especially when a note so high as G’* was sounded ; 
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there was less doubt at F’; there did, however, appear to be very little 
vibration in the posterior part. of the cords; but here the vibration never 
is quite so evident. I can well understand the difference of opinion 
between Mandl and Merkel, on this point, really one of the utmost 
difficulty to decide in some cases. 


Case 17. When this individual who had never been saith: any- 
thing of registers sang without any directions, his vocal cords closed 
posteriorly, at least the arytenoids, at position IV., but a chest quality 


of voice in his case caused them to open. This is very suggestive. 


Case 19. His teacher had laid stress on mouth-action; he heard 
nothing of registers; could sing easily in falsetto G*. The vocal cords 
touched anteriorly and posteriorly less in the latter position than in any 
other case observed. In marked contrast to this one was: Case 36. 
He began the falsetto very naturally at position IV; here, and especially 
a note or two higher, the vocal cords were, without doubt, in apposition 
both anteriorly and posteriorly, leaving a large central opening, in which. 


distinct vibrations were seen though not over the entire breadth of the 


cords; as to how much I have never been able very accurately to 
determine ; I should not like to say ‘only the edge’; besides how much 


_ does ‘the edge’ mean? The appearances of the glottis in this last 


case reminded me of the figure given by Holmes’ while in Case 19 
they corresponded more closely with Mandl’s; though, be it noted, 
both these cases took notes of the same pitch. 


Case 20. This gentleman had been taught to carry up the chest 
register as high as possible. He did so when I examined him ; there was 
evident straining and as I know something of his case, believe his 
training has been injurious to him. As in every case of false training 
it is the weak who show it first; the strong simply resist, weed do not 
prove the system correct. 


Case 21. Had been exercised mostly in the upper tones of the 
registers when young, to which he attributed the weakness in his lower 
tones at present. His falsetto was of fine quality and great range. 


Both the posterior and anterior apposition, especially the ae. were 
well marked. 


Case 23. This gentleman had never been instructed systematically 
but had been an unusually close observer of professional singers. He 


1 Holmes, op. cit. 
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made use of the supra-glottic regions to a greater degree than any one 
else examined. He was conscious of being able to produce a more 
tenor-like quality of voice and of higher range by the vigorous action 
of the pharyngeal muscles; and I find that I can myself do the same, 
though my voice is a baritone. He noticed also as I have always done 
that the action is most fatiguing, and this practice may have had some- 
thing to do with a vocal break down he sustained. He most firmly 
maintains that his voice has been impaired both in pitch and quality 
by extreme relaxation of the velum palati and by nasal obstruction from 
severe naso-pharyngeal catarrh. 


Case 22. This singer had been taught to call those tones inter- 
mediate between the chest register in its ordinary range and the high 
falsetto, ‘head’ tones; they corresponded precisely to the falsetto register 
of Garcia and Mad. Seiler. He observed that this series could be 
produced in three different ways and of as many distinct qualities of 
voice ; in fact he did so produce these tones with the mirror in position, 
and to the observations on this case special attention is directed. 
When he sang G* ‘chest’ the vibrations were very ample and distinct 
and the whole glottis was unmistakeably open; when as ‘head’ it was 
also open but there seemed to be less vibration, especially as regards 
the width of cord engaged. When he produced the falsetto, which was ~ 
at this low pitch accomplished with difficulty, the vocal cords approxi- 
mated posteriorly (I could not be certain as to their anterior part) 
leaving .a comparatively wide, central opening, and the vibrations 
were evidently confined to a rim of the cords of these central segments, 
That.the posterior apposition was absolutely necessary was evident, for 
as soon as the blast was made a little disproportionately strong the 
cords separated and the piano of a chest or ‘head’ note was produced. 
To this observation, which was repeated in the next case, I cannot but 
attach the utmost importance. The appearances in the high falsetto 
were as depicted in other cases. 


Case 24. A basso of good range; falsetto a fine study; produced 
a perfect falsetto note at G’. The appearances of the glottis as to 
central opening and posterior apposition of the cords were typical; but 
I could not see the anterior portion of the glottis at this pitch suffici- 
ently well to determine its condition. The upper falsetto was as in other 
cases, When he sang G’ in a natural way (falsetto of Mad. Seiler) 
there was a distinct triangular opening, and then just anterior to this 
a point at which it was difficult to say whether the cords touched 
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or not—I think they did not. This gentleman experiences aching of 
the throat when he sings music of high pitch, due as I believe to 
excessive action of the pharyngeal muscles. 


Case 26. An appearance at G* as in the last case, but there was 
no doubt about the non-apposition of the cords. 


Case 29, In this case I felt quite positive the arytenoids were in 
contact at position II. 


Case 30. Has great power over the falsetto; can sing in this voice 
easily to A*; the wide central opening and both anterior and posterior 
apposition of the cords finely shown. 


Case 32. The remarks on Case 29 may be ined for this a one. 
Case 36. A baritone voice; typical appearances in the high falsetto. 


Notes on Female Cases. 


Case 37. Taught by two teachers at different periods (they were, 
properly speaking, pianists). One, at least, had carried the chest pro- 
duction as high as the strength of the singer would allow. There 
seemed to be in this case but one appearance throughout, the whole 
glottis more or less open, the extent ranging of course with the pitch. 
This lady who was a teacher of a large class in one of the city schools 
used to speak at a very high pitch; she had throat trouble; I recom- 
mended her to lower the pitch of her teaching voice, and she told 
me in a few weeks after that she had done so with great advantage. 

In Cases 42, 43, 44, 45 and 48, the appearances were almost the 
same as in Case 37; these were young ladies at school and though 
naturally possessed of good voices were accustomed to sing only with 
the entire class, and as is usual, I think, in such cases used solely the 
chest production and limited it only by their strength laryngeal, tho- 
racic, &e, 


Case 39. Knew she ought to make head tones but had not suc- 
ceeded in doing so, 


_- Case 38. An important one; had been taught to sing in two 
registers, the chest and the head, the latter commencing at F’, F#* 
(Pos. IV), The glottic appearances up to the head range were as in 
other cases using only the chest register; in the head tones the form of 
the glottis corresponded to those seen in the high falsetto of males; 
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there was anterior and posterior apposition of the cords and a central 
opening of considerable size, the rim of which was seen to vibrate. 
There was also as in the falsetto production a feeling of ease during 
the singing of head tones. It may be remarked incidentally that in 
determining whether a portion of the vocal cords vibrated or not, the 
behaviour of the mucus lying on and below the oords has been helpful. 
When a strong tone was produced and the whole of the cord was in 
vibration the mucus was seen to fly about in little globules from all 
parts of them; while if only a segment was vibrating there was, of 
course, no motion in the mucus on the rest of the cord. : 

I desire now to call special attention to two cases, 40 and 47, These 
were sisters; one case 47 had not had individual training and so was 
classed as a natural singer, and the appearances were mostly as in other 
cases that used only chest production. Case 40 had been taught to 
make changes of register at the points indicated by Mad. Seiler. When 
the sisters sang together a high note as F* or G* the greatest difference 
of quality was discernible, as well as much difference in the ease with 
which the note was taken in favor of Case 40. In this latter case, I . 
regret very much, a view of the glottis during head production was not 
possible, owing to an inability on her part to control the tongue with the 
mirror in position. This lady had been instructed formerly by a gentle- 
man pianist who had, irrespective of registers, forced her voice upward to 
the maximum pitch, with injurious results so far as the vocal organs were 
concerned, “After singing I felt the strength taken out of my whole 
body,” was the lady's own testimony. She stated that the present 
system of training caused no sense of fatigue or straining. Her tones 
though not powerful were of great sweetness and purity. 


What conclusions in regard to Registers may be drawn from the 
above table of observations ? 

(1) There is no room for doubt that in all voices in the lowest 
tones of the chest-register the whole glottis is open and the vocal cords, 
as Garcia’ noted, moved by large loose vibrations throughout their 
whole extent. 

(2) There are difficulties in observing the relative disposition of 
parts in the series of tones Mad, Seiler assigns to the second chest- 
register, and it will be observed that in the majority of cases I was 
bet able to affirm that the cartilaginous glottis was completely closed. 


Z, “Mad, Seiler, however, states in one part of her work’ that the “aryte- 


} Op. cit. 2 Op. cit. p. 54, 
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noid cartilages almost closed together cease their action and leave the ~ 
formation of the sound to the -yocal ligaments alone.” With such 
more flexible view of the matter my observations seem to agree fairly 
well, 

(3) It will be observed that in none of the female cases was there — 
any doubt about the whole glottis being open at the point Mad. Seiler 
indicates as being the commencement of the falsetto register; however, 
several of these did not make that change of quality which a separate 
register implies. In eight out of thirty-eight males there was some 
doubt as to this but rather with the test applied at G'; of these eight, 
four were accustomed to sing and may have forced up, possibly, a lower 


- register; but even assuming that the glottis was actually closed 


posteriorly to a slight degree in these cases, of which I am not at all 
convinced, still it will appear that in the great majority it was wholly 

n. 
(4) My cases seem neither to weaken nor in any great degree to 
sustain Mad. Seiler’s views in regard to the changes in the glottis 
at the ‘second falsetto’; only one case seemed to make the change, 
while all the others carried the lower glottic action upwards with a 


corresponding effect in the quality of the tones. 


(5) It will be seen that only three cases made genuine head tones ; 
of these there were two whose glottis I saw well, indeed repeatedly. 
Those who made head tones proper commenced this production at F, 
F¥, and as regards the posterior apposition of arytenoids and vocal cords 
my observations confirm those of Mad. Seiler. As to the conditions of 
the glottis at the anterior portion this writer is not very explicit; but 
for myself I am satisfied that it is as in the high falsetto of men, more or 
less closed. Mad. Seiler may have drawn the lines on this matter of 
registers rather too sharply, but it’ seems to me that the above record of 
my observations confirms her views in many important particulars, and I 
consider the work which Garcia began and which she has so extended 
of very great value. Dr Solis Cohen’ also seems to coincide with 
many of her conclusions. It is scarcely within the scope of this paper 
to pronounce upon the hygienic and still less the esthetic aspects of the 
question as presented by Mad. Seiler and others. But certainly in 
most persons, to say the least, it is natural to make a change in the 
method of producing the singing voice with a corresponding change in 
quality at or about G'; and above a certain range in pitch in both sexes 


1 The Throat and the Voice. 
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a change is again felt necessary, and should be made if voices are 
éxpected to last. There can be no doubt that the tendency of the age is 
as Mad. Seiler points out to prefer force and startling effect to purity, 
correctness and perfect beauty of tone. As a physician seeing a good 
deal of throat disease in singers and public speakers as well as others, I 
can most cordially endorse Mad. Seiler’s practical philosophy so far as 
it goes, as to the cause and cure of these complaints. If the physiology 
of the voice were better known and acted upon there would be but few 
complaining speakers and singers. I do not propose to dwell now on 
the muscular mechanism of voice production ; in this respect something 
has been offered by the way in this paper. In explaining the head 
voice Mad. Seiler’ referred to the action of the thyro-arytenoid briefly 
and mentions having found in the posterior part of the vocal cord a 
cartilage not hitherto described, or in its absence the rudiments of onc. 
Some writers have assumed that this was an error, even a fiction, but 
Dr Elsberg* speaking of the vocal cords says: “ Near the free edge its 
front portion usually contains, especially in the male larynx, a small dense 
nodule, which I call the anterior vocal nodule, and its posterior portion, 
more often in the female than in the male sex, an elongated nodule, 
which I call the posterior vocal nodule.” Luschka, Verson, Krause 
and Griitzner® also describe a special formation, though they are not 
agreed as to whether it is cartilaginous or dense elastic and connective 
tissue with abundance of nuclei. The best observers from Miiller 
downwards have believed that the thyro-arytenoid muscle was of the 
utmost importance in the higher functions of the vocal organ; the 
Germans have named it the ‘vocalizing muscle,’ and of late years the 
‘ sphincter-like’ action of the laryngeal muscles suggested by Miiller 
and enlarged upon by Luschka‘, Henle® and others, has been 
receiving attention. In this direction 1 have no new views to advance, 
but from study of the action of the exsected larynx, from dissection and 
especially from laryngoscopic observation, this theory of the sphincter- 
like action of the muscles has seemed satisfactory. It has, however, 
appeared to me that most writers on the physiology of voice have 
attached too little importance to the wind-force apparatus and its action. 
Every trained singer knows or should know that correct breathing is of 


2 Op, cit. 

2 The Throat and its Functions, p. 37. 
3 Op. cit. p. 41. 
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all things the most important i in healthy and efficient vocalization. The 
chest production, the head voice so called of males and the high falsetto, 
cause in the subject sensations very different, part of which are referable 
to the larynx and to the wind apparatus; as to the sensations in the 
upper resonance chambers I do not propose now to speak. It is a 
matter of observation that more breath-force is required to produce a 
chest tone than a head tone of the same pitch, and less for the corre- 
sponding falsetto than for the head tone. But that there is some 
difference in the manner of blowing that is essential to a good 
achievement in these different productions is capable of proof by 
experiment on one’s own person. Let an individual attempt to make a 
note of the pitch of about B' in the three different qualities of voice 
indicated, When the chest register is used, the subject of the experi- 
ment gets the impression, it seems to me, that the blast is brought to 
bear against a larger surface of the cords; their whole length and 
breadth seems to be struck by the expiratory column; but with the 
head and falsetto, that only a limited portion of the vocal cords is acted 
upon by the issuing air, Finally, it would not be proper in a paper 
of this kind to overlook a view of voice production advanced by 
Dr Elsberg’, in the first instance. He says: “In the vocal cords the 
variations in pitch are produced by changes in tension, of length, of 
breadth and shape, and of expiratory force. ‘Some persons avail them- 
selves of some of these co-acting factors to the exclusion of one or 
several of them; some persons use different mechanisms under different 
circumstances; some persons use prominently a factor which is not at 
all or but slightly used by others. The divergence of views of several 
equally good observers as to how variations of pitch are brought about. 
is doubtless due to this fact, a fact entirely ignored by all scientific and 
lay writers on this subject.” A view very similar is advanced and with 
_ searcely more expansion by Griitzner*, It is much to be regretted | 
that so distinguished a laryngologist as Dr Elsberg and so able a 
physiologist as Dr Griitzner have not elaborated their views further, or 
given. some definite observations with details of the circumstances in 
support of their view; and I cannot help thinking that the “divergence 
of views of several equally good observers” would have been reconciled 
had such a course been followed by them. Impressions from general 
laryngoscopic observation or conclusions drawn from single cases will not 
settle these questions. Very likely differences such as these writers 


1 Op. cit. p. 55. 2 Op. cit. p. 112. 
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allude to may exist to a slight degree; but if they do, I question whether 
they are sufficiently open to observation ever to be capable of definition; 
nor is it likely that they interfere with methods of voice production 
which are alike operative in all persons. But the subject is I feel a 
very difficult one. Whether the views on the physiology of the voice 
advanced in this paper prove acceptable or not, I entertain the hope that 
the records of observations on these fifty cases may be of some value in 


this department of physiology. 
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A METHOD AND APPARATUS FOR OBTAINING 
GRAPHIC RECORDS OF VARIOUS KINDS OF. 
MOVEMENTS OF THE HAND AND ITS PARTS, 
AND ENUMERATING SUCH MOVEMENTS AND 
THEIR COMBINATIONS. By FRANCIS WARNER, 
M.D." Plate VI. 


THE study of healthy movements and the analysis of the principal 
methods which have led to our knowledge of the functions of the brain 
have taught me to look upon the study of all kinds of muscular 
movements produced by the central nerve-mechanism as a promising 
field for accurate investigation. It appeared particularly desirable in 
this line of investigation to introduce an exact method and apparatus 
for obtaining graphic records of the various kinds of movements of the 
hand and its parts and for enumerating such movements and their 
combinations. 

The apparatus consists of four principal parts : 

I. An arrangement of rubber tubes to be attached to the hand, one 
tube to each finger or moving part (Fig. 1. A, B, C, &c.). From these, 
pieces of thin conducting tubing (a, b, c) carry air to a set of tambours. 

II. A frame supporting the recording tambours and _ electrical 
signals (Fig. IL). 

III. ‘An “electrical contact-making tambour” (Fig. 01.). It is a 
modification of the Marey tambour adapted to the purpose of actuating 
an electrical counter. 

IV. An electrical counter. See Fig. Iv. 


To explain each of these pieces of apparatus in further detail. 
In the apparatus (Fig. 1.) which is attached to the hand the principle 
employed is as follows. When a cylindrical tube closed at one end is 


1 Towards the expenses of this research a grant was made by the British Medical 
Association on the recommendation of the Scientific Grants Committee of the Association. 


Sy 
3 
2 
5% 
3 
| 
Hi 
5 
4 
4 
4 
4 
x 
tt 
6 


GRAPHIC RECORD OF MOVEMENTS. 161 


bent, flattened or compressed, its capacity is lessened and therefore air is 
pressed out of it and driven into the tambour with which it is connected. 
The tubes used are moulded for me by Messrs Warne and Oo. of soft red 
rubber and are 74 mm. in external diameter, one end of the tube @ is 
pointed and perforated, the other y is closed by a moulded cap (see 
Fig. 1.), and a band moulded on to the top of the cap effects a means of 
fastening the tube to the finger. These tubes are mounted on a 
“foundation” of sheet red rubber. fixed to the back of the hand, as in 
Fig. v. The arrangement represented in Fig. vi. a and 6b is convenient 
in the case of adults, in whom the thickness of the finger makes a 
considerable drag on the upper surface of the tube during flexion. It 
consists of a pair of moulded caps mounted on a ring, back to back: the 
septum between the two is divided half way down, and the lower portion 
is perforated, allowing air to pass from one cap to the other. The band 
is fastened to the middle of a phalanx, and the finger tube being cut at 
‘this point the divided ends are inserted one in each cap. The whole is — 
thus rendered air-tight and the tension on the upper surface of the tube 
is relieved. 

_ The tambours mounted on the frame (Fig. 11.) give tracings upon a 
revolving cylinder, showing the amount, frequency, and coincidence of 
the various movements. The electrical signals indicate (1) time in 
seconds, (2) the opening of a dark lantern throwing light upon the subject 
of experimentation, (3) the period during which an electrical bell is 
ringing, (4) signals the time at which events occur as recorded in the notes 
of the experiment, 

The electrical contact-making tambour is represented i in Fig. 1. 
Across the ordinary shell of a Marey tambour a main bracket aa’ is 
fixed, to which three smaller ones are screwed, having holes in them to 
take two arbors. One arbor b has a beam d,e, with a small weight 
at one end ¢, and is connected by a short link with the india-rubber 
head of the tambour. To the other arbor c a block of ebonite is fixed 
to insulate two wires f,g with platinum ends which lie under and nearly 
touch the beam d,e. Each of these wires is connected with terminals h 
and « by a coil of thin copper wire. A light bent blade spring is inserted 
between the ebonite block and the bracket to resist the motion of the 
arbor c. 

The beam d,e has platinum soldered on the part where the platinum 
ends of the wires are to touch. A terminal & is fixed to the main 
bracket, Increase of air pressure in the tambour raises one end of the 
beam ¢ and depresses the other d, which thus comes in contact with 
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its insulated wire f, completing a circuit through the terminal 1; 


diminished air pressure allows the beam to move in the opposite 


direction, completing a circuit through the terminal h. 

I am indebted to Prof. Hughes, F.R.S. for the suggestion that some 
kino. of sliding contact would fulfil the purpose. The instruments are 
made for me by Mr W. Groves, of 89, Bolsover Street, W. 

. The electrical counter (Fig. Iv.) consists of a clock’, to the pendulum 

of which a small piece of soft iron c is attached, opposite an electro- 
magnet d. In use, for counting the movements of a finger the con- 
ducting tube (Fig. m1. 2) from the finger is attached to the electrical 
contact-making tambour. One pole of a Leclanché cell is connected 
with k, and. a wire connects i with a in Fig. Iv., to which 6 is connected 
with the other pole of the cell. Each flexion of the finger thus allows 
the escapement of the clock to pass one tooth, and the hands indicate on 
the dial the number of flexions, 

It is hoped that the electric contact and counter on account of their 
simplicity. may prove useful in various ways in physiological work. 

_ By this method of investigation we obtain tracings of muscular 
movements due to the action of the central nerve-mechanism, and 
obtain some evidence as to the effects of brain action in its different 
parts as indicated by muscular movements, 

In infancy spontaneous movements of the fingers are usual while 
the child is awake (see tracing 1 and 2 taken from fingers of an infant 
5 months old), and spontaneous muscular movements are occurring all 
over the body; this movement can be arrested by light and probably 
also by seund. In studying the mental development of infants we 
mainly judge of their rapidity and stage of growth by observing the 
amount, kind and coordination of their movements, e.g. the move- 
ments of the head and eyes to a light and sound give some indication of 
dawning intelligence ; these signs are not seen in the earliest stages of 
growth. Later in the course of the development of the brain the finger 
movements are so coordinated as to grasp an object, and still later the 
two hands act together. Tracings could be given of these movements, 
separate movements might be enumerated’, and I believe we might 
enumerate the special combinations of movement, showing whether such 


1 Iam indebted to Perey Neate, Esq., engineer, for kindly making the first model of 
this counter. 

2 In a paper on ‘‘The signs of a healthy brain and mental development in an infant 
as indicated principally by its movements.” I have given thirteen signs all of which niay 
probably be recorded by these methods. See Medical Times and Gazette, April 21, 1883. 
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combinations occur more commonly at one time than at another or more 
commonly under any particular set of circumstances. To investigate 
this problem I would take tracings of the spontaneous movements of an 
infant hand, enumerate them and their combinations. Then showing 
an object to the infant record the effect of the sight of the object (1. e. 
the effect of the light reflected from the object) in altering the move- 
ments, their amount and combinations, If the brain be retentive of the 
stimulus causing such movements, the special combinations of move- 
ment will tend to recur on the same stimulation and the impression on 
the brain will be strengthened. The working-out of this problem might 
give some idea as to how the mind is built up, or the function of 
mentation evolved in the individual. In many cases an increase of 
muscular movement may be demonstrated as an accompaniment of a 
low degree of voluntary power or diminished mental force, as in some 
cases of chorea and nervous children the subject of frequent headaches 
in whom spontaneous finger twitches are common. These nerve- 
muscular movements are to us the signs as to what part of the brain 
acts, a sudden nerve-muscular movement is produced by a sudden 
discharge of force in the corresponding nerve-mechanism, The tracings 
of such spontaneous movements indicate in some particulars the 
discharge of the nerve-mechanism corresponding ; thus in spasm we see 
one finger or one part jerked at one time, another finger or another 
part at another time, showing that the various pieces of the nerve- 
mechanism do not discharge their motor power altogether, An interest- 
ing problem would be to investigate accurately the following phenomena. 
The spontaneous movement of children is nearly lost in adult age, it is 
apparently replaced by the function of “ mentation.” When the function 
of mentation is lessened, as by fever, the excess of movement often 
reappears in delirium and subsultus tendinum. In many so-called 
mental conditions the emotions are expressed by the action of the 
muscles of the face and hand, in other words we judge of the condition 
of the nerve-mechanism whose function is “mentation” by certain 
.nerve-muscular movements whose exact record and measurement is the 
object of our enquiry. 

Another possible problem may be indicated as follows: It seems to 
me highly probable that when two movements happen to occur together 
by chance, or when they occur together as the result of some external 
agency (t.¢. when two portions of the nerve-mechanism coact and 
therefore are probably co-nourished) that a bond of union is formed, 
making them tend to co-act in the future unless some disturbing cause 
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prevent. As an illustration; a number of pendula of similar lengths 
may be set swinging irregularly, arrest two for a second, then let them 
swing at the same time and they continue to swing together. If this 
proposition be true it may be demonstrated by the experimental method, 
we may determine what agencies bring about such co-acting, their 
relative value, &c., if new combinations of movements occur without the 
influence of external agencies acting on the subject, the formation of 
these combinations must be intrinsic, the result of growth or develop- 
ment. 

Note, Since the above paper was written I have succeeded in counting combinations 
of finger movements. To record on a counter the coincident movements of three finger 
tubes, connect each tube with a contact making tambour 1, 2, 3. Connect k in the first 
_ tambour with one pole of the battery, connect i in this tambour with i in the second, and k 


in the second tambour with i in the third tambour, and & in the third tambour with the 
other pole of the battery, throwing the counter into the circuit. 
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THE INFLUENCE OF DIGITALINE ON THE WORK 
OF THE HEART AND ON THE FLOW THROUGH 
THE BLOOD-VESSELS. By HENRY H. DONALD- 
SON, AB, Fellow of the John Hopkins University, Baltimore ; 
anp LEWIS T. STEVENS, AB. 


_ In the experiments which we are about to describe, our attention 
has been mainly directed to two points: the variation in the work of 
the heart, and the change of resistance offered by the blood-vessels to 
the flow through them, Both these points, though simple questions of 
physical physiology, were, we found, quite unsettled, On looking into 
the literature it appeared that further investigation of them might be 
useful, and we were thus led to take them up, Since, in this paper, we 
propose to confine ourselves to these questions alone, we shall, in 
reviewing the literature, only introduce so much as has a direct bearing 
on our work. 


3 Literature. 

From the time when, in 1839, Blake(!) made his manometric 
observations on dogs under digitaline, we find opinion as to the reason 
for the high pressure caused by this drug at variance. Traube(?) 
crushed the cervical cord in dogs but could get no rise of pressure by a 
subsequent injection of digitaline. 

In this case it was of course question whether the extreme 
relaxation of the arterial system did not prevent the increased work 
done by the heart from expressing itself as. a rise of pressure, Von 


Bezold() cut the cord in an animal already showing high pressure 
under digitaline. The pressure at once fell decidedly, but it was a 
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question whether it was as low as it would have been had no digitaline 
been given. 

Winogradoff(4) claimed that the blood pressure was not much 
influenced by moderate doses of digitaline. With the exception of 
Winogradoff( observers from the time of Blake(), 1839, till 
Legroux (5) 1867, admitted the rise of blood pressure at a certain 
stage of the action of digitaline, and attributed this rise to an increase 
in the work done by the heart. 

Legroux (5) advanced the view that in moderate doses digitaline 
acted first by constricting the arterioles and thus raising pressure, while 
later the energy of the heart was increased and the equilibrium of the 
circulation thus restored. 

The following year Brunton (6), basing his views on certain: 
sphygmographic tracings, explained the rise of peeoure as due to the 
constriction of the arterioles. 

Using Cohnheim’s method and observing the mesentery in frogs, 
Briesemann and Boldt (7) in 1869 observed that during the slow pulse 
the arterioles were constricted, and hence attributed the rise of pressure 
to a constriction of the arterioles. Gourvat() working with rabbits 
came to the same conclusion. 

In 1872 Ackermann (9) published some investigations on the an- 
tagonism of certain drugs on the heart of an animal under digitaline. 
He here points out the independence of the arterial pressure of the 
character of the pulse after digitaline, and thus raises a strong objection 
to the dependence of pressure on the action of the heart alone. After 
section of the cord he was able to get a rise of pressure from digitaline. 
This rise he attributed to a peripheral stimulation of the arterioles. 
His method of experimenting is however open to criticism, 

Up to this time the method of experiment was such that a definite 
result could never be expected, for both heart and arterioles were 
examined together, and it was always impossible to say how much was 
due to variation in either one of them. In this same year Béhm (10) 
brought out his investigation; in which a much better plan had been 
adopted; on examining the frog’s web he could find under digitaline 
no constriction of the vessels which was at all satisfactory. He there- 
fore came to the conclusion that they were not constricted and did not 
cause the rise of pressure. On taking blood pressure in a frog however, 
he observed that by doses of digitaline equal to ‘001—‘003 grms., the 
pressure was increased from } to } above the normal. 


All this being granted, the heart alone could be brought in to explain 
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this rise of pressure. Using the Ludwig-Coats’ method, he obtained 
results which appeared to prove that the work done by the heart was 
increased, and thus the rise of pressure could be accounted for, We will 
discuss his method more in detail when we have presented our own 
results on this point. Since this work of Béhm (19) his ideas have been 
the prevailing ones, although the opposing views have received consider- 
able support. 

Bohm using the same method on rabbits that Traube(2) did on 
dogs, obtained, after section of the cord, the same results, 

The next year however he tried a slightly different experiment. 
Thinking that the great relaxation of the arterial system after section 
of the cord might prevent the increased work of the heart from 
expressing itself as a rise of pressure, he ligatured the dorsal aorta 
above its lower branches, then cut the cord and gave digitaline. In 
this case he obtained a rise of pressure which he attributed to the 
increased work done by the heart. The method of experiment is 
however open to so many objections that obviously this conclusion 
is hardly allowable. Gérz(!4) after section of the cord, found under a 
subsequent dose of digitaline a slight increase in pressure, which he 
attributed to an increase in work done by the heart. At this time 
- Brunton and Meyer(12) came to quite different conclusions. They 
took the tracing of the carotid pulse in a dog with a Fick’s manometer. 
In this tracing they found that the descending limb of the pulse-wave 
fell much more gradually after digitaline, suggesting a slower outflow 
from the arteries. 

From this they conclude that the arterioles are constricted by the 
drug. Kéhler(3) and Meihuizen (14) maintain a constriction of the 
arterioles due to a ‘stimulation of the vaso-motor centre. Koppe (15) 
working with digitoxin, which he finds in its action qualitatively like 
digitaline, only much stronger, observed a rise of pressure, aud saw in the 
ears of a rabbit under the drug a marked narrowing of the arterioles, 
Klug (6) next took up this question in 1880. He calls attention to the 
fact that in frogs which have died from digitaline there is a marked 
venous congestion, and that in the web of a frog under digitaline it is 
possible even without a microscope to see the narrowing of the arterioles 
by the general change of tint. Both these effects he ‘obtained on 
frogs which were heavily curarized, 

In the ear of a rabbit the sympathetic of sshich had been sceldiiatad 
he also observed a similar narrowing of the arteries under digitaline. 
From these observations he concludes that the arterioles are commented 
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by digitaline, and that this constriction is mainly brought about by the 
action of the drug in their muscular coats. On the work done by the 
heart he has no experiments. The latest investigations are those of 
Williams (17), For his work he made use of Helleborein instead of 
digitaline, but on account of the close physiclogical similarity between 
those two drugs he applies his conclusions to the latter. The result of 
his investigation on the frog’s ventricle lead him to conclude that the 
rise of pressure was caused by increase in the work of the heart. The | 
evidence up to this time could be summarized as follows : 

Investigations on the arterioles led to contradictory results, with the 
weight of evidence in favour of a constriction. 

Investigations on the frog’s heart showed an increase in work. 

We began observations on the work done by the heart of cold- 
blooded animals simply with the view of getting some acquaintance 
with the effects of digitaline on these animals before attempting to study 
its action on the mammalian heart. It was not until we found that the 
results thus obtained did not agree with the current views that we took 
up the investigation for its own sake. In the summer of 1882 the first 
series of results obtained on the heart of the terrapin (by one of us in 
connection with Mr Warfield (22)) were published. Since then the 
investigations have been much extended, and we now have to present 
what was contained in that paper together with the observations since 

We used for experiment the “slider” terrapin (Pseudemys rugosa, 
Shaw), the bull-frog (Rana pipiens, Linn.), and the marsh frog (Rana 
palustris, Leconte) ; on both frogs and terrapins we have parallel observa-_ 
tions which are with one or two exceptions complete. 


The experiments fall into four groups : 
I. Experiments on the work of the heart when isolated from the 
central nervous system—all the other conditions being kept normal. _ 


II. Experiments similar to those above, except that in some cases 
abnormal pressure was used and in others the semi-lunar valves were 
destroyed, 

III, Experiments on the blood-pressure in slightly curarized animals. 


IV, Experiments on the flow through the blood-vessels in animals 
slightly curarized, and also, with the central nervous system destroyed. 
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I. (a) On the work of the heart. Terrapin. 


For these operations we used the following apparatus: 


Three flasks, arranged as Marriotte’s bottles, each holding about 400 
c.c. were the venous reservoirs. By means of rubber tubes uniting in a 
four-way piece the flow from each passed through a common outlet. 
This outlet was connected by rubber tubing with the venous cannula. 
The connecting tube passed through the end of a box in order to reach 
the venous cannula. This box was mainly of wood, but had a glass 
cover which could be entirely removed. In the box, which was just: a 
little larger than the largest terrapin, the animal rested firmly on its 
back. It was thus protected from draughts, evaporation and other 
injury, and was, at the same time, easily observed. The outflow tube, of 
stiff rubber, passed from the arterial cannula through the opposite end of 
the box, and by the insertion of a Y piece was made at once to branch. 
One branch ended in glass tube fastened by a clamp which moved in an 
upright ; it could thus be fixed at any desired height. This formed the 
outflow. The other branch continuing a short distance again divided 
in the same way. One division was connected with a pressure bottle, 
the other joined to a manometer. The manometer wrote on the smoked 
paper of a revolving drum. Time was marked by an electric pen 
connected with a clock beating seconds. The feeding flasks were filled 
with defibrinated sheep's or calves’ blood mixed with its own volume of 
‘75°/, salt solution; the latter being prepared with distilled water. 
This nutrient fluid we designate as “good” blood; when digitaline is 
added to it, as “poisoned” blood. One flask was filled with this latter. 
The blood from the outflow was caught in small beakers and, at regular 
intervals, measured. For registering the pulse a water manometer as 
described by Howell and Warfield (18) was generally used. The 
apparatus being ready a terrapin was weighed, the head cut off, the 
plastron removed, and the pericardium opened. The animal was now 
placed for a moment in the box, the height of the heart above the table 
measured, and while the operation was being completed, one of us 
arranged the inflow and outflow so as to give the desired pressure. 
All the vessels leading to the heart, with the exception of the right 
aorta, and the left vena cava superior, or sometimes the left aorta and 
right vena cava superior, were then tied. In the two which were left 
open cannulas were next secured and 100 c.c. of undefibrinated blood 
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were sent through the heart in order to wash out the contained blood, 
which was liable to clot. The cord was then destroyed and the animal 
placed in the box. The inflow tube, through which the blood from one 
flask was flowing, was then slipped over the venous cannula while the 
arterial cannula was connected with the outflow tube. The circulation 
was thus established. The heart was then allowed to beat undisturbed 
until it was doing even and approximately normal work, 

_. This latter condition is quite important, because immediately after 
the operation the ventricle is often somewhat shrunken, and what may 
be called the normal amount of work is not done until it again expands ; 
an operation which often requires an hour or more. The desired condi- 
tions of even and normal work having been reached and maintained for 
half an hour or more, the “good” blood was then turned off and the ~ 
poisoned blood turned on. 100 ¢.c. were generally allowed to pass — 
through. The good blood was then again allowed to flow through, and — 
if the heart had suffered any variation under the poisoned blood an 
attempt was made to restore it to its previous condition, If this proved 
successful the same operation was repeated until either the heart could 
not be recovered or repetition was deemed superfluous. This method, 
which often allows of several observations on the same heart, was 
suggested by Prof. Martin and has given excellent results. In the 
earlier experiments we measured the blood and took a tracing every 
five minutes, but in the later experiments this was done only once in 
every fifteen minutes; when poisoned blood was running through, the 
observations were more frequent. We present here certain general data. 
The terrapins weighed from 437 to 1785 grms. Initial temperatures, 
taken with a thermometer inside the box in which the terrapin was, 
were from 18° to 21°C. with a maximum variation of 4°C. during any 
experiment. The venous pressure in different experiments varied be- 
tween that due to a column of the blood 2°7 centimes in height to one 
7 cm. The arterial pressure was always that exerted by a column of 
_ the blood circulated through the heart 20 centimes.in height. The 
digitaline used was of the amorphous soluble variety prepared by 
Merck. For each experiment a fresh quantity of digitaline was 
weighed out and dissolved in so much normal salt solution that 1 cc. 
contained 001 grm. 

The amounts given were from :00035 to 005 grm, in 100 c.c. of 
diluted blood. ‘The poisoned blood, which had once circulated and that 
which immediately followed it, was always thrown away. The experi- 
ments lasted from 4 to 11 hours. In subsequent cases these data 
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though always made out will not be given so fully as here; we will 
mention only the pressures, dose, and time of experiments. 

The typical effect of a moderate dose of digitaline given in this way 
was primarily a slight acceleration in the pulse rate joined with a decrease 
in work. Soon after the flow of poisoned blood had ceased the pulse 
became normal, the work increasing more slowly. Subsequent doses 
took effect with a regularly increasing rapidity, but the slowing of the 
pulse did not generally appear until several doses had been given. 

For determining the work done in a unit of time by the heart under 
these conditions Blasius(!%) has developed a formula, If Ha equals 
arterial pressure and Hv, the venous pressure, in millimetres, S, the 
time, and p, the number of cubic centimetres of blood, then aca p 
will give the number of milligrammeters of work. But in these 
experiments p is the only variable, all the other factors being constant ; 
‘so measurements of p, though not showing the absolute work, will 
give us a means of comparing the relative amount of work at various 
times, 

_ Experiments VIII. and XVII. are given to show the variation in work 
which it will be observed decreases under digitaline, A curve (p. 175) 
constructed from the data of experiment XVII. is also given. The heart 
in this experiment was allowed to run for five hours on good blood, to show 
that under these conditions it would undergo little variation. Then five 
doses of digitaline were given; the point being indicated on the tracing 
by the letter D. In this tracing one division on the axis of ordinates 
equals 2 c.c., one division on the axis of abscissae, 20 minutes. It will 
of course be noticed that there is a slight rise immediately following the 
first dose, but the unimportance of it makes an explanation unnecessary. 
-The two tables are selected from 9 similar ones. They comprise 32 
observations and in 31 of them digitaline was followed by a fall of work. 
In this one contradictory case, however, the work fell during the time the 
poisoned blood was on and rose 11°/, just after it was turned off. For 
this rise we have at present no explanation to give. From this group 

of experiments then we conclude that digitaline decreases the work — 
of the heart in the “slider” terrapin. 
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EXPERIMENT VIII. 
Toran Time, 9 hrs. 10 mins, 


Terrapin. Sheep’s blood. Valves intact. Weight 810 grms, Venous 
pressure 3-2c.m. Cannulas placed in right aorta, and right superior vena 
cava. Spinal cord destroyed. Arterial pressure 20°2 c.m. 


Work 
1.05 | Terrapin in box. 
1.30 23 16:7 
1.45 23 17-0 
2.03 | Dig. blood on (002 grm. Dig. per 
100 ¢.c.) 
2.09 25 Dig. blood off, 100 c.c. run through. 
2.16 16°3° 23°5 11-0 
2.26 23 14:8 | Heart beating in a jerky manner. 
2.51 16° 24 17:1 
3.06 22°5 
3.41 24 16-9 | Heart exposed to a strain, and slight- 
ly weakened. 
4.17 21°5 120 | Dig. blood on (-002 in 100 c.c.). 
4.21 23 9°6 
4.27 15° 13 10°6 | Dig. blood off, 100 c.c. run through; 
auricles beating normally; ven- 
tricle contracting imperfectly; di- 
crotism in pulse marked, 
4.4] 6-2 
4.46 — 23 8:3. | Ventricle quite shrunken and pale. 
24 10°0 
5.31 15.3° 25 125 | Pulse exceedingly dicrotic, and re- 
mains so for next twenty minutes. 
6.16 168° 27 13°8 
6.45 26 13°8 
7.15 11 13°7_ | Auricles’ beats many to one of ven- 
tricle. 
8.00 14 13-4 | Two auricular beats to one ventri- 
cular. 
8.30 17° 14 12-4 | Two auricular beats to one ventricu- 
_lar. Ventricle contracting com- 
pletely. 
8.46 14 12:0 | Dig. blood on (-002 in 100 c.c.). 
8.51 15 10°5 Ventricle shrunken ; contractions of 
auricles peristatic. 
8.56 15 75 | Heart very irregular; many auricu- 
lar beats to one of ventricle. 


Dig. blood off, 100 c.c. run through. 
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Work 
Time. Temp. in Per 
9.01. | 155 4-5 
9.16 24 8:5 | Ventricle expands but slightly, move- 
| ments of heart are diminished. 
9.21 | 20 7-5 | Two auricular beats to one ven- 
tricular. 
9.31 11-2 of ventricle quite com- 
ete. 
9.33 Dig. blood on (-002 in 100). 
9.36 18° 16 106 
9.41 10°5 5-4 
9.46 10 5-2 | Dig. blood off, 100 c.c. run through ; 
heart irregular. 
9.56 5 2°38 | Heart irregular. 
10.01 75 3°6 
10.15 6-9 | Two auricular beats to one of vén- 
tricle; heart still going well. 
Experiment ended. 


EXPERIMENT XVII. 
Toran Time, 10 hrs. 50 mins. 


Calf’s blood. Valves intact. Weight 1785 grm. 
pressure 4c.m. Cannulas placed in left aorta and left superior vena cava. 
Spinal cord destroyed. Arterial pressure 20 c.m. 


Work 
Rate 
Time, Tem |in 
P| per min, |i Per 
11.40 | | Terrapin in box. 
12.30 18:3° 20:1 
1.30 18°5° 20-0 
2.30 19°8 
3.30 21°3 21-9 
4.30 21 21-0 
5.00 | 21°3 20°8 
§,30 19° 21 21°4 | 
5.31.30") Dig. blood on (001 grm. Dig. per 
100cc). 
5.35 22 22°6 
5.35'.15" Dig. blood off, 100 c¢.c. run 
5.45 6° | Auricles shrunken; ventricle beat- 
ing feebly. 
6.00 20° 22°9 19-2 | Auricles have expanded 
6.15 22:1 20-4 
6.30 ‘a 
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Work 
Rate 
Time, Temp. . per min. in a = 
6. 31’.30” Dig. blood on (‘001 in 100 c. ¢.). 
6,36 823 16°8 
| Dig. blood off, 100 c.c. run through. 
6.45 BF 4-0 Auricles shrunken and bloodless ; 
, ventricular beats feeble. 
7.34 22°5 | 185 | Dig. blood on (001 in 100), 
7.42 | 32°1 11-4 | Dig. blood off, 100 c.c. run through. 
7.50 | 21°5° 31°5 ~ 9 | Auricles pale and shrunken; con- 
_ tractions of ventricle feeble. 
8.15 Cet 219 | 2-4 | Heart looking better. 
8.30 21°3° 22°5 11-2 
9.00 223 | 186 
9.15 22-2 20°5 
9.17'.30" Dig. blood on (001 in 100c.c.). 
9.20 | 24-7 16-4 | Auricle shrunken ; ventricle feeble. 
9.24'.30” Dig. blood off, 100 ¢.c. run through. 
9.45 |. 21-°5° 25°5 
10.00 26°1 17-3. | Auricles distended to natural extent. 
10.17 25°3 186 =| Dig. blood on (-003 in 100). 
10.21 6-0 |. Auricles pale and shrivelled; con- 
é traction of ventricle wavelike and 
| without force. — 
10.30 Semilunar valves have given way, 
experiment. 


I, 6. On the work of the heart. Frogs. 
The apparatus and nutrient fluid were the same as in the case » of the 


terrapin. The operation was naturally somewhat different. The brain 


and spinal cord were first destroyed, the heart was then laid bare, and all 
the vessels except the left aortic arch and inferior vena cava were tried. 
In these the cannulas were placed and work was measured in the usual 
way. Venous pressures were from 2°6 to 46 c.m., the arterial pressures 
from 20 to 25 centimes. The amounts of digitaline given were from 
‘00025 to ‘002 grm. in 100 c.c. of blood mixture, The time of experi- 
ments was from 3 to 6 hrs, ° 

Experiments XXIV, and XXXIV, are given as typical. They are 
selected from 5 experiments, which comprise 29 observations, of which 24 
show a decrease of work under digitaline. This leaves us with 5 which 
are contradictory, but it is to be noticed that in the contradictory cases — 
the maximum increase of work is 6°/,. From these observations we con- 


clude that digitaline decreases the work done by the heart of the frog. 
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EXPERIMENT XVII. 
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EXPERIMENT XXIV. 
Toran Time, 4 hrs, 10 mins, 


Frog. Calf’s blood. Valves intact. Weight 87 grms. -Venous pressure 
46c.m. Cannulas placed in left aorta and inferior cava. Pithed and spinal 
cord destroyed. Arterial pressure 20 c.m. 


Work 
Rate |. 
Time. Temp. per min. | per 
(12.35 Frog in box. 
1.30 23°5° 20-0 
1.45 60 22-2 : 
1.55 oe 60 _ 20° | Dig. blood on (70005 grms. Dig. per 
100 c.c.). 
2.00 57 31:9 | Dig. bined off, 100 c.c. run through. 
“a 2.05 . | 58 22-9 | Dig. blood on (-0005 in 100). 
2.9'.30" 55 223 | Dig. blood off, about 100c.c. run 
through, 
2.10 20°0 
215 |. 22°2 
2.30 - 58°5 21°8 | Dig. blood on (0005 in 100). 
2.35 54 19-2 =| 2hrs. 35.15". Dig. blood off, 1€0 c.c. 
run through. 
2.50 55 21°3 
3.10 56 21°5 | Dig. blood on (-0005 in 300). 
3.15 23° 53 20°6 
3°20'-30" | 188 | Dig. blood off, about 200c.c. run 
through, 3 
3.30 19°4 
3.40 54 20:2 
3.45 42°5 20°1 | Dig. blood on (0005 in 300). 
3.50 | 52 17°6 | Ventricle pale and shrunken at its 
base. 
3.57 51 16:0 | Dig. blood off, about 200c.c, run 
through. 
4.15 52 20°3 Dig. blood on; this same blood 
| through the heart once before. — 
4.20 20°6 
4.25 | 50 20°4 | Dig. blood off 
4.30 52 20 Dig. blood on, used once before. 
4.35 49 19-1 
4.40 | Dig. blood off. 
4.45 49 18-6 | Experiment ended. 
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EXPERIMENT XXXIV. 


Torat Tre, 5 hrs, 5 mins. 


Frog. Calf’s blood. Valves intact. Weight 217 grms. Venous pressure 
36cm. Cannulas placed in left aorta and superior cava. Pithed and — 


Work 
Time. Temp. | per per 
12.50 Frog in box. 
1.10 24° 57 29-0 
1.40 56 28-2 
1.45 55 28°4 
1.50 55 28°6 | Dig. blood on (:001 grm. Dig. per 
100 ¢.c.). 
1.54 53 28°3 Dig. blood off, 112¢.c. run through. 
2.00 28°7 
2.05 52 29°0 | Dig. blood on (‘001 in 100). 
2.09 49-5 28°5 » Off, 114¢.c. run through. 
2.15 48 27°4 
2.25 48°5 29-0 
2.30 49-5 29°4 Dig. blood on (-001 i in 100). 
2.34 48 28°5 run through. 
2.40 23-6° 465 | 
2.50 27°4 | 
3.00 28°4 
3.10 48 28-0 Dig. blood on (‘001+in 100). 
3.14 47 28-0 », Off, 112¢.c. through. 
3.20 23° 25°4 
3.35 27°0 
3.55 22°8° 47 27°2 Dig. blood on (-001+in 100). 
3.59 46 26-0 », Off, 104c.c. through. 
4.05 45 24-0 3 
4.30 46 
4,41 22-2° 46°5 25-0 Dig. blood on (001+in 100). 
4.45 46°5 25-0 i » Off, 100c.c. run through. 
4.55 45 21°2 
5.05 44 20°6 
5.10 21-4 
5.20 22° 45-5 21°6 Dig. blood on (-0015 in 100). 
5.25 »» Off, 97 c.c. through. 
5.30 40 15-2 
5.45 37 16:2 
5.55 39 17-4 | Heart recovering well. 
Experiment ended. 
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The two sets of experiments give results quite similar and indicate 
that, under the conditions which we had, digitaline decreased the work 
done by the heart. It was thought, however, that by varying the con- 
ditions we might get a different result, and as it was known that Bohm 
(10) and Williams (17) both worked with much higher intra-cardiac pres- 
sure than we used, we hoped by the use of high-pressure to get something 
like their results. These following experiments fall into two groups. 


II. (a). On the work of the heart; jpressures varied. 


The first group is that in which wide variations of venous and 
arterial pressure were tried. Here we do not separate the experiments 
on the frogs from those on the terrapins. The venous pressure ranged 
from ‘8 to 7°5 c.m.—the arterial from 17 to3lc.m. The amount of digi- 
taline was in all cases 0005 grm. in 100 c.c. of blood mixture. The can- 
nulas were tied in the right or inferior vena cava and in the right or 
left aorta. The time was from 1} to 7} hrs. In these experiments 
so long as the pressure remained unchanged during the experiment we 
obtained only a fall after digitaline, but when the pressures were varied 


during the experiment the result was different. We give experiments 
XXI. and 


In XXI_. we get four cases of rise after raising the to 38 em. 
and to 5°8 c.m. 

In XXIII. when we started with a high venous pressure ind went 
down, a decrease followed digitaline. These two are selected from 6 ex- 
periments which represent, 17 observations, 11 of which are followed by a 
fall in work and 6 by a rise. In these latter, 4 were either after first 
doses or after doses immediately following a change of pressure. The 
other two are the second and third instances in experiment XXI. In no 
case is the increase in work more than 5°/. The only immediate 
conclusion to be drawn from these observations is that under certain 
conditions of pressure, which conditions are abnormal, D. may increase 
the work done by the heart. 
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EXPERIMENT XXI. 


Toran Time, 7 hrs. 15 mins. 


Frog. Calf’s blood. Valves intact. Weight 350 grms. Venous pressure 
(at start) 0°8c.m. Cuannulas placed in left aorta and inf. vena cava. Pithed 
‘and spinal cord destroyed. Arterial pressure (at start) 20 c.m. 


Work 
_ Time. Temp. in 
2.15 Frog in box. 
2.30 19°5° 42 
2.46 41 2°8 | Dig. blood on (-0005 in 100c.c.). 
3.00 40 2°9 
3.15 38 2°7 
3.21 36 2:3 | Dig. blood off, 100c.c. run through. 
3.45 35 2-0 | 
4.00 19°2° 34 18 
4.30 |. 36 
5.00 2°4 
5.30 19° 37 2°3 | 
5.32 Venous pressure 3°8c.m. Arterial 
pressure 20 c.m. 
6.00 . 40. 21°9 | 
6.04 | Dig. blood on (:0005 in 100 c.c.). 
6.09 37 22°6 » Off, 100c.c, run through. 
6.15 37 21°5 
6.30 37 | Dig. blood on (0005 in 100 cc.). 
6.35 22°8 | 
6.45 19° 37 21°3 
7.00 38 | Dig. blood on (-0005 in 100 c.c.). 
7.05 21-7 » Off, 100¢.c. run through. 
21:1 
7.15 Venous pressure 5‘8c.m. Arterial 
| pressure 20 c.m. 
7.30 38 31:1 | Dig. blood on (-0005 in 100c.c.). - 
7.34 » Off, about 100cc. run 
through. 
7.45 38 26°6 
8.00 39 28°8 
8.15 27°0 | 
8.32 38 .26°0 | Dig. blood on (:0005 in 100c.c.). 
8.36 7 25:0 » Off, 100 c¢.c. run through. 
9.00 20°3° 38 24:0 
9.17 22:1 | Dig. blood on (0005 in 100c.c.). 
9,21 20°5° », Off, 100c.c. run through. 
9.30 16 15-4 | Pulse slow and large. 
Experiment stopped. 


“ 
ere 
q 
4 
£ 
‘a 
. i 


180 H. H. DONALDSON AND LI. T. STEVENS. ~~ 


EXPERIMENT XXIII. 
Toran Time, 57 mins. 
_ Frog. Sheep’s blood. Valves intact. Weight 100grms. Venous pres- 


sure 4‘7¢.m. Cannulas placed in right aorta and inf. vena cava. Arterial 
pressure 20c.m. Pithed and spinal cord destroyed. 


Work. 
‘Time. Temp. in 
10.40 | Frog in box. 
10.55 21° 11°5 
11.10 42°5 12°4 
11.16 41:5. 11-7 | Dig. blood on (0005 grm. Dig. per 
100¢.c.). 
11.20 40-0 10-0 
11.27 22-0 8-4 | Dig. blood off, 100c.c. through ; heart 
irre, 
11.30 Venous pressure 2°7c.m. Arterial 
pressure 18 c.m. 
11.40 20°0 2:5 
11.50 3°3 
12.05 20°0 3:2 
12.06 25 | Dig. blood on (‘0005 in 100). 
12.10 3°3 
12.20 28-0 11 
12.25 6 
12.43 ‘1 | Dig. blood off. 
| Experiment ended. 


II. (6). On the work of the heart. Valves destroyed. 


_ The second group of experiments is that in which the semilunar 
valves are destroyed so as to subject the ventricle continuously to an 
intracardiac pressure equal to the arterial pressure. 

In these cases venous pressure ranged from 2°4 to 8 c.m. and arterial 
pressure from 17 to 21 cm. The amount of digitaline was from ‘0005 
to 001 grm. in 100 c.c. of blood mixture and the time was from 3} to 
64 hrs. Experiments XVIII. and XXX. are given. The former is 
the only one which shows any rise in work, As will be seen by looking 
at the column headed “work” four doses of digitaline had been given 
and followed by a fall; then the venous pressure was raised from 5 c.m. to 
8 c.m., and although we thought we had given the ventricle ample time 
to distend under this increase of pressure yet the next dose of digitaline 
caused a rise of work qual to 18°), A subsequent dose caused a fall. 
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Experiment XXX. shows a continuous fall in work. Under these 
high intracardiac pressures the ventricle soon became exhausted. 

We have four experiments on this point, comprising 13 observations, 
of which only one gives a rise—namely the one above indicated in 
Experiment XVIII. | 

If we can conclude anything from these observations it is that 
destruction of the semilunar valves alone does not furnish a condition 
under which D. will cause the heart to do an increased amount of 
work, 


EXPERIMENT XVIII. 
Time, 6hrs. 30 mins. 
Terrapin. Calf’s blood. Semilunar valves destroyed. Weight 1500 grms. 


Venous pressure 5c.m. Cannulas placed in left aorta and left superior vena 
cava. Arterial pressure 17¢.m, Spinal cord destroyed. 


Work 
Time. Temp. in = 
3.45 Terrapin in box. 
4.15 21° 31 510 on (‘001 grm. Dig. per 
4.19 ‘, 31 25-0 Dig. blood off, 100 c.c. run through. 
4.24 32 24-0 
5.00 476 
5.04 31 72:0 | Dig. blood on (001 in 100). 
5.08 33 26-0 off, 100c.c. run through. - 
5.20 29 48-4 
5.47 | 21° 29 550 | Dig. blood on (001 in 100). 
§.51 27°5 24:0 », Off, 100c.c, through. 
6.00 18-2 
|, 28°5" 48-2 
6.32 27 49°8 | Dig. blood on (‘001 in 100). 
6.36 23-0 » off, 100c,c. through. 
6.45 13°5 13 
6.57 : 27 Venous pressure raised to 8 c.m, 
7.15 21° ‘| 288 
7.30 46-1 
8.00 32°5 51-4 | Dig. blood on (001 in 100). 
8.02. 30°5 66°6 through, 
8.14 43°8 
8.30 29 62:1 
9.01 33 66:0 | Dig. blood on (-001 in 100), 
45°4 » Off, 100¢,c. through. 
9.16 23 433 
9.45 36 64-1 | | 
(10.15 65°6 | Experiment ended. 
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EXPERIMENT XXX. 
Totrat Time, 3 hrs. 42 mins. 


Frog. Sheep’s blood. Semilunar valves broken through, Weight 
215 grins. Venous pressure 2-4¢.m. Cannulas placed in left aorta and in- 
ferior vena cava. Arterial pressure 20c.m. Pithed and spinal cord destroyed. 


Work 
Time. Temp. in 
12.20 | Frog in box. : 
19-2° 6°6 
2.30 19°59 9-2 
2.35 9-2 
2.41 36 8:9 | Dig. blood on ('0005 grm. Dig. per 
100 c.c.). 
po 37 Dig. blood off, 100 ¢.c. through. 
«3. 5 
«3.15 37 6:9 | Dig. blood on (0005 in 100). 
3.30 » Off, not quite 100 c.c. 
3.45. 27 13 
4.02 ‘9 | Experiment ended. 


III. On the blood pressure. 


The third group of experiments on blood pressure was next taken up. 
The apparatus for this purpose consisted of a bit of stiff rubber tubing 
which was connected with the arterial cannula, A T-piece in the tube 
was connected by one limb with a pressure bottle and by the other with 
a Y-piece. The one branch of this was joined with an ordinary mercury 
manometer and the other to a mercury manometer in the course of 
which there was a stop-cock, which could be so turned that the 
manometer should register only mean pressure. The two manometers 
were made to write over one another on the surface of a revolving drum, 
and thus we could at the same time register the pulse and the corre- 
sponding mean pressure. Despite the fact that it had a tendency to cause 
clotting we used salt solution with which to fill our tubes, because we 
found that sodium bicarbonate was apt to get into the heart and affect — 
it. The arterial cannula was of glass. As close as possible to the end of 
the cannula which was fastened into the artery, and at right angles to 
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the axis, another small tube was set into the side. This was covered 
with a bit of rubber and closed with a bull-dog. 

The advantage of this arrangement was that it allowed clots to be — 
removed with but little disturbance of the cannula and with a minimum 
loss of blood. To keep these cannulas clean we put them after using in 
an artificial gastric juice which digested off all fibrin and other organic 
matter which might be adhering to them ; just before using they were 
washed with distilled water and dried in a flame. By these precautions 
the chances of clotting were reduced toa minimum. The blood of the 
terrapin clotted more easily than that of the frogs, and hence, as a rule, 
the experiments on the former were shorter. : 

We will begin with the terrapins. The animal was first slightly 
curarized, by subcutaneous injection, It was our aim to give just 
enough to abolish voluntary movements and no more, For this reason 
it happened that we often gave doses which were too light, and thus 
had to discard a number of experiments because of movements in 
the animal which of course produced decided variations in pressure. 
The animal being curarized, a hole was trephined in the plastron just 
over the left aorta. Before putting in the cannula, however, the femoral 
vein was dissected out and into this a small cannula closed by a bit of 
rubber tubing and filled with salt solution was tied. The cannula was 
then fastened in the left aorta, the tube joining the manometer slipped 
over it, and the experiment begun. The animal was let alone until the 
pulse and pressure became quite even, then one or more doses of digita- 
line were injected through the cannula in the femoral vein and the effect 
observed. The amount of digitaline was in all cases ‘0005 grm. in 
‘5 c.c. of normal salt solution. The time was from 34 to 49 mins. 

To prove that the variations obtained were due to the drug and not 
merely to the injection of the salt solution, control experiments were 
tried. In these the same quantity of salt solution was several times 
injected without any drug and the effects were noted. 

The variation in an experiment lasting 48 mins., during which time 
6 doses of *5 c.c. of salt solution were injected into the femoral, was from 
14 mm. to 13°8 mm. of mercury. The pulse rate rose during this time 
from. 285 to 29 in a min. Thus showing that salt solution had 
_ practically no effect. We have five experiments on this point and from — 
these Experiment VII. is selected, which shows in a typical manner the 
rise of mean pressure under digitaline From these we conclude that 
digitaline in small doses causes a rise of mean pressure in the terrapin. 
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EXPERIMENT VIL. 
ToTaL ‘Tine, 48 mins, 


Terrapin, Weight 1399grms. Cannula placed in left aorta Drug 
injected into femoral vein. _ Curarized. 


Rate 


Time. Temp. per min, 
12.46 Experiment commenced, 
12.49 21° 28 86 | 0005 grm. Dig. dissolved in 5c.c. 
salt sol. injected. 
12.54 23°2 9-6 
12.57 21° 24 11:2 
1.00 26 136 
1.05 25°5 | Dig. injected (:0005 grm.). 
1.11 | 26 12°6 
1.15 21° 21°5 12°8 | 1,19, heart becomes irregular. 
1.28 25 12°7 : 
1.34 25 Experiment ended on account of ir- 


regularity of heart. 


EXPERIMENT XL 
Time, 41 mins. 


Frog. Weight 205 grms. Cannula tied in left aorta. Digitatin injected 
through cannula into abdominal vein, Curarized. 


Mean 

Time. Temp. Rate. | Press. in 

mm, Hg. 
12-03. Experiment commenced. 3 
1207 | 26-5° 34 4 Dig. injected, dose ‘0005 grm. 
12°11 32°5 4°8 
12°16 | 26°5° 31°5 5-6 
12°21 30°5 5:6 
12°26 30 5-2 | Dig. injected (-0005 grm.). 
12-28 25°5 6-0 
12°32 23°5 6-0 
12°36 | 26 23 5-6 ig. injected (0005 ‘ 
12°38 24 6-0 
12°42 | 22 58 
(12°44 20 5°8 | Experiment ended. 
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For the frogs the same apparatus was used. In operating a small 
opening was made in the breast over the left aorta and the cannula was 
fastened into the systemic branch. The cannula through which we 
injected was tied into the abdominal vein. Amounts of digitaline from 
0005 to 00025 grm. in ‘5—*12 c.c. of salt solution were given. The time 
was from 39 mins. to 14 hrs. Control experiments, as with the terrapin, 

_ were used. We have 4 experiments on this point, and from these 
Experiment XI. is given as a typical case. We conclude from these 
observations that digitaline in moderate doses causes a rise of mean 
blood pressure in frogs. — 

Having thus found a decrease in the work of the heart and at the 
same time a marked rise in mean pressure, we were compelled to infer a - 
constriction of the arterioles, 


IV. On the flow through the arterioles. 


Our last group of experiments bears on the demonstration of this 
point. In the following discussion when we use the word “ arteridles” 
we wish to designate by it not only the small arteries but the capillaries 
also, for it is by no means proved that the latter vessels are unaffected 
by the drug; hence, under these conditions, to speak as if the action of _ 
the drug was strictly limited to the small arteries would be misleading, 


The apparatus which we used for determining the flow through the 


small vessels was in the main similar to that used for studying the work _ 


of the heart. In this case the three flasks had their common outflow 
tube joined to the arterial cannula or cannulas, while fluid coming from 
the various venous cannulas was collected into an outflow tube which 
ended in a bit of glass tubing. This was held in a clamp which moved 
--on an upright and hence could be fixed at any desired height. As a 
circulating fluid we had to use normal salt solution, as blood apparently 
clogged in some way the smaller vessels. 

We will begin with the terrapins: The animals were curarized and a 
piece 3 c.m. square sawed from the plastron immediately over the heart. 
The pericardium was opened and holes cut in the auricles and ventricle 
in order to allow bleeding. When no more blood could be gotten out 
in this way, cannulas were tied in the three arterial trunks and then 
into the: sides of each auricle, and the auriculo-ventricular sulcus was 
tightly ligatured. 

The arterial cannulas were now ‘cmdeied with the inflow tube 
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through which the fluid from one flask was flowing. This fluid passing 
through the arteries, capillaries, and back by the veins, slowly washed 
them out. These washings were drained for some minutes from the 
venous cannulas by the temporary tubes. When it appeared that the 
vessels were pretty well washed out, the venous cannulas were connected 
with the permanent outflow and observations commenced. 


Since beginning we have improved on the method of placing the 
cannulas; at present the arterial cannulas are put only 3 in ‘the left 
aorta ce the innomatic trunk and the pulmonary artery is tied. The 
venous cannulas are put in three great veins and the heart is entirely 
cut away. Both methods give the same results, but the latter is more 
accurate. 


The fluid runs from the feeding flasks into the arteries under a 
known pressure which represents the arterial pressure. It is drawn off 
under a low positive or even negative pressure from the veins. In the 
course which it travels the resistance which determines the rate of flow 
is that of the arterioles; their constriction increases and their distension 
decreases the resistance ; and as on this resistance depends the amount 
of fluid passmg through in a unit of time, so from the rate of flow we can 
infer the condition of the arterioles, 


We distinguish the salt solution with and without D. in the same 

way as we did the blood mixture and designated them respectively as 
“poisoned” and “ good ” salt solutions. 
_ The general method of carrying on one of these experiments was 
something as follows: Good salt solution was allowed to flow through 
until the amount flowing out each minute was fairly constant. Then 
the poisoned salt solution was turned on and allowed to run for a little 
while and then replaced by the good salt solution again. The variations 
in the rate of flow which took place under the drug were observed and 
an attempt was made to recover the flow to its previous rate. If this was 
successful, poisoned salt solution was again administered and so on, until 
‘the arterioles refused to respond or further observations were thought 
unnecessary. The arterial pressures were from 12 to 15 c.m. of salt 
solution and the venous pressures 2°5 to3.c.m. The amounts of digita- 
line given were from ‘0005 to 001 grms. in 100 c.c. of salt solution. 


The time was from 46 mins. to 10 hrs. 


We have three experiments on this point, one of these is a ‘intel 
that is, no drug was given, but it was run the entire time on good salt 
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solution. In this control experiment the maximum variation in the 
flow is 17°/, in 11 min. A glance at Experiment IIL, which is given in 
full, will show that such a variation compared with that which’ takes 
place under digitaline is comparatively unimportant. | 


From these experiments we conclude that digitaline constricts the : 
arterioles in the terrapin. 


_ In the ease of the frog we examined both curarized specimens and 
those with the brain and spinal cord destroyed. The apparatus was as 
above described. In the curarized frog the arterial cannula was placed in 
the bulbus aorta, the spiral valve having been cut out, and the venous 
cannula was put through the ventricle into the right auricle. In the cases 
where the brain and spinal cord were destroyed all the main branches 
were tied except one aortic trunk, and of this the smaller branches as far 
down as the occipito-vertebralis were all tied. The venous cannula 
was put into the inferior cava. In the latter case we were dealing of 
- course with the circulation through the lower extremities and viscera 
only. 


The arterial pressure ranged from 14 to 29 cm. and the venous 
pressure from 2—4 c.m. 


EXPERIMENT IIT. 
Tota Time, 3 hrs. 12 mins. 


Terrapin. ‘75°/, salt solution, Weight 2365grms. Venous pressure 
3c.m. Arterial pressure 12c.m. Ligature placed round auriculo-ventricular 
groove ; inf. low cannulas placed in each of the three aortic trunks; outflow 
cannulas tied into a slit in each auricle. Curarized. 


From. To. of 95 per ct. alcohol. 
12.50 ‘ | Terrapin in box. 
12.50 | 12.55 22°5° | 102-7 20°5 
12.55 1.00 103°7 207 1.00 Dig. on (-0005 Dig. 
100 | 1.03 23° 58°5 19°5 | 
1.03 1.06 43°0 1.06 Dig. off, 101 56. 
passed through. ° 

106 1.09 9°5 

1.09 1.12 42°5 14:2 

1.12 1.15 64-0 21°3 
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188 | 
Time. M ts of auricles 
Total | Outflow | “Movements o 
Temp. | Outflow. | per min, | stopped by application 
1.15 1.18 69°0 23-0 
1.18 | 1.20 490 | 245 | 1.20 Dig. on (-0005in 100). 
1.20 1,23 20°4 | 
1.23 1.26 39°3 13°1 
1.26 1.29 27°0 90 | 1.28 Dig. off, 1175 
passed through. 
1.29 1.32 23°2° 35°0 11°7 
1.32 1.35 51-0 17-0 
1.35 1,40 880. 17°6 
1.40 1.45 ; 920 | 184 
1.45 1.50 23°5° 96°0 19-2 
1.50 | 1.55 1030 | 
‘1.55 | 1.58 64:0 | 21-3 | 1.58 Dig. on (-0005 in 100). 
1.58 2.01 56°5 188 
2.01 2.04 420 14-0 2.04 Dig. off, 98-5 c.c, pass- 
ed through. 
2.04 2.07 23°8° 29-5 9°8 
2.07 | 2.10 27-5 9-2 
2.10 2.15 60°0 12°0 
2.15 2,20 68-0 13°6 
2.20 2.25 85:0 
2.25 | 230 | 238° | 950 | 190 | 
2.30 2.85 106°0 21°2 
2.35 | 2.40 1110 | 22-2 | 2.40 Dig. on(-0005 in 100). 
2.40 2.43 20°0 
2.43 2.46 
2.46 2.49 44°5 
2.49 2.52 30°5 10-2 br | 
2.52 2.55 25-0 83 2.56 Dig. off, 221 c.c. pass- 
ed through. 
2.55 2.58 250 83 
2.58 3.01 22°5 75 
3.01 3.05 35°0 8:8 
3.05 | 3.15. 1285 | 12:9 | 
3.15 3.30 262-0 175 | 
3.30 | 4.00 5290 | 17-6 | Not the slightest oedema. 
4.00 | 4,02 35-0 17°5 Experiment ended. 
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EXPERIMENT II. 
Torat Time, 2 hrs. 45 mins. 


Frog. °75°/, salt solution. Weight 70 grms. Venous pressure 4¢.m. 
Arterial pressure 14°5c.m. Carnnulas placed in bulbus aortae with its spinal 
valve cut; and into the right auricle through the ventricle. Curarized. 


Time. 
Total | Outflow. 
2.20 Frog in box. 
2.30 2.35 25°2° 141 2°8 
2.35 2.40 11°8 2.40 Dig. on (0005 grm. 
Dig. per 100c.c.). | 
2.40 2.43 6°4 2-1 
2.43 2.46 5-9 20 
2.46 2.49 5°7 19 | 2.51 Dig. off, 20c.c. pass- 
ed through, 
2.49 2.52 5:3 18 
2.52 2.55 4°5 15 
2.55 3.00 75 15 
3.00 3.05 17 
3.05 3.10 23.5° 88 18 
3.10 3.20 17°8 1-8 
3.20 | 3.30 |. 180 1-8 3.30 Dig. on (0005 in 100). 
3.30 3.35 23° 8-0 16 
3.35 3.40 15 Dig. off, 17 cc. 
through. 
3.40 3.45 1:5 
3.45 3.50 79 16 
3.50 4.00 | 16-0 16 
4.00 4.10 16-4 16 Slight oedema. 
4.10 4.20 16:3 16 4.20 Dig. on (0005 in 100). 
4.20 | 4.25 78 1-6 
4°25 4.30 21-8° 7:2 1:4 
4°30 4.35 6-6 13 
4.35 4.40 
4.40 4.45 5-0 1-0 4.45 Dig. off, about 35 c.c. 
through. | 
4.45 4.50 4:4 
4.50 4.55 4°5 9 
4.55 5.05 10:1 10 Marked oedema. 
Experiment stopped. 
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EXPERIMENT VII. 
Toran Time, 2 hrs. 28 mins. 


Frog. ‘75 salt solution. Weight 295 grms. ‘Venous pressure 0, Arte- 
rial pressure 18¢.m. Left aorta, right ‘carotid, right pulmo-cutaneous, right 
_ subclavian and right occipito-vertebral arteries all tied, cannulas in the 
right aorta and inferior vena cava. Pithed and spinal cord destroyed. 


Time. Total Out- Outflow 
3.40 _ | Frog in box. 
3.45 3.50 18° 22-0 4-4 
3.50 | 3.55 21-0 4°2 
3.55. | 400 | 17° 29°0 4:2 | 4.02 Dig. on (003 grms. 
: | s. Dig. per 100c.c.). 
4.02 4.05 12°6 4°2 
4.05 4,08 - 12-2 41 
4.08 12°5 4°2 
4.11 4.14 17°5° 11°3 
4.14 4.17 | 87 2-9 | 4.16 Dig. off, 54-7c.c. pase. 
ed through. 
4.17 4.20 71 
4.20 4.23 75 2°5 
4.23 4.26 8:1 2°7 
4.30 | 435 | 18° 16-0 3-2 
4.35 | 4.40 18:2" | 165 33 
4.40 4.43 9°6 3°2 | 4.43 Dig. on (-003 in 100). 
4.43 4.46 10:1 3°4 
4.46 4.49 77 2°6 
4,49 4.52 3:1 10 | 4.51 Dig. off, 20-9c.c. pass- 
| ed through, | 
4.55 5.00 1:1 
5.00 5.05 20° 77 15 
5.05 5.10 9-0 18 
5.10 5.15 10-0 2-0 | 
9-1 23 | 5.19 Dig. on (003 in 100). 
5.22 5,25 21° 36 | 12 | 5,25 Dig. off, 9-7 pass- 
ed through, 
5.25 5.30. - 1-9 “4 
5.30: 5.40 51 
5.40 | 5.50 11-0 11 
5.50 6.00 15:7 16 
6.00 6.07 12°4 18 
6.07 6.08 212° 18 18 | Experiment ended, 
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. The amount of digitaline given was from ‘0005 to ‘003 grms. in 
100 c.c. of salt solution. The time was from 30 mins. to 54 hrs. The 
control experiment gave a maximum variation in flow of 7 °/, which took 
place in five minutes. Under digitaline the variations were always much 
more than this. We have 2 experiments with the curarized frogs and 6 
with the frogs in which the brain and spinal cord have been destroyed ; 

_ In all cases digitaline is followed by decrease in the flow. We give ex- 
periments IT. and VII. which show these variations quite well. 

From these experiments we conclude that digitaline constricts the 
arterioles in the frog. 

And furthermore, owing to the fact that it can do this after the 
central nervous system has been destroyed, we also conclude that digi- 
taline acts on some peripheral mechanism, probably the muscular coats 
uf the small arteries. 

We have now reached the point where we can take up a more 
general discussion of the. subject. We first wish to compare our con- 
clusions on the work of the heart with those of Béhm (1 and 
Williams(!7), and for this purpose some account of their observations 
must be given. 

Bohm) worked with frogs and used the Ludwig-Coats’ method. 
His arterial cannula was therefore in the ventricle and his venous 
cannula in the inferior vena cava. How much freedom the auricle had 
to act under these conditions it is not easy to say, but as his frogs were 
small the auricle was probably somewhat interfered with. His venous 
pressures are not given, but the least difference between the venous and 
arterial pressures was 14 c.m, of serum, so that the ventricle was 
subjected continuously to a pressure of over 14 c.m. at least. The 
doses which he gave were from ‘0005 to ‘001 grms. 

But the amount of blood with which they were mixed is not exactly 
given. In no case did he attempt to recover the heart from the influence 
of the drug. . His experiments lasted from 39 mins. to 1 hr. and 13 mins. 
With a light dose he found that he could get an increase of work. In 
the best case which he gives increased work lasted 16 minutes. _ | 

The drug appears to have been given very soon after the heart was 
brought under observation. The importance of this point in Js 


the results will be mentioned later. 


_ . Under very high pressure this increase of work could not be obtained. 
It may. be.observed that the tables are badly printed; making however 
allowance for typographical errors, there remains yet a serious difficulty 
in these tables. Theoretically, the amount of work done each second 
multiplied by 60 should equal the amount of work done by each heart - 
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beat, multiplied by the number of heart beats in a minute. This, 
however, is often not the case and the difference between the results 
thus obtained amounts in one instance to 15 °/,. 

This fault in the tables is serious and weakens the conclusions which 
are based on them. From these results Bohm (19) comes to the 
conclusion which he expresses as follows : 

“Jedenfalls aber, glaube ich durch die zuletzt mit-getheilten 
Versuche beweisen zu haben dass die bei der Digitalinwirkung beo- 
bachtete Blutdruck-Steigerung auf direckte Vermehrung der von Herzen 
geleisteten Arbeit, zuriickzufihren ist.” p. 175. 

If his experiments are accepted no fault can be found with this 
statement, for he saw no constriction in the arterioles and of course 
referred the rise of pressure to the action of the heart. 

He found that the mean pressure in a frog rose from 20°/, to 25°/, 
under digitaline, and finally he obtained an increase of work by the heart 
which would account for this rise in pressure. The argument is there- 
fore complete. 

Williams(17) worked with the ventricle of the frog. This was 
attached to a perfusion cannula, in the inflow and outflow tubes of 
which he inserted artificial valves which allowed the blood to be pumped 
from the venous to the arterial side but did not allow it to return. 
The ventricle during diastole was then subjected only to venous pressure ; 
on the outflow side of the heart he inserted a T-piece, the lateral limb of 
which was covered with a bit of rubber tubing and the size of the 
opening in this tube was regulated by a clamp. Beyond the T-piece 
was @ mercury manometer. As the heart pumped into the outflow tube, | 
the blood could run out of the opening and also make room for itself by 
_ pressing up the mercury in the manometer. If now the outflow was 
made quite small it could be so adjusted that some pressure would be 
gotten up in the manometer before the amount flowing out during 
diastole was equal to that pumped in by each systole. When an 
equilibrium was thus established, a dose of Helleborein given to the 
heart in the blood caused a rise in pressure as shown by the manometer. 
This plainly meant that the ventricle was doing more work, i. e. pumping 
more blood around in a unit of time, now than before. The venous 
_ pressures used were from 10 to 15 c.m. of serum. 

The ventricle was allowed to get up its owz arterial pressure. The 
doses of Helleborein were not stated, neither is the time of the experi- 
ments, nor the amount of increase of pressure given. 

When high arterial pressures were used the drug did not bring 
- about a further rise. A number of tracings are given showing this rise 
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in pressure after Helleborein, but there is nothing quantitative. 
Williams (17) concludes that there is a change in the distensibility of 
the ventricle by which it undergoes a greater diastolic expansion and 
thus does more work and so raises pressure. 

Owing to the lack of quantitative measurements of this rise, we can 
say nothing as to the amount of the increase of work. Leaving aside 
then any possible difference in the action of digitaline and Helleborein, 
we may call attention to the fact that the ventricle was in no case 
recovered from the effects of the drug, that the ventricle alone was used 
and that the venous pressure was excessive. 


To return now to our own experiments on the work of the heart, the 


details of which have been previously given. They differ from the 
above in that the whole heart was always used. The venous pressures 
_ were always lower, as a rule much lower, than those of Bohm (9 or 
Williams (17). The heart was repeatedly recovered during the same 
experiment. The experiments were continued for a much longer time, 
and the semilunar valves were always in action, except when purposely 
destroyed, and a long time was allowed the heart to adjust itself to 
the pressure before the digitaline was given. In a word, we believe that 
our conditions approached more nearly the normal than did those of the 
above-mentioned experimenters. When we departed from these con- 
ditions our results became less uniform. | 

We had reason to notice that there was a constant tendency to work 
with venous pressures which were too high. The visible distension of 
all parts of the heart under an excessive venous pressure is clear 
evidence of its excessiveness, and when such distension occurs it is a 
good indication that the pressure is too high. The manner in which 
the work of the heart was decreased is not without interest. In no case 
where the pulse was decidedly slowed, decreased 20°/, for instance, did 
we get any increase in the work of the heart. This is a very important 
point because the well-known period of slow pulse and high pressure 
demands that if the rise of pressure be due to the heart such a nse 
should occur with a slow pulse. In those cases in which rise of pressure 
was observed little or no change took place in the pulse rate. 

Neither was a marked change in the pulse rate necessary for a 
decrease in work. When a decrease took place while the rate remained 
unchanged, a measurement of the pulse waves showed that the height of 
the pulse beats had decreased. At the same time it was noticed that 
the auricles in these cases, especially in the terrapin, tended to become 
shrivelled and thus the force of the auricular beat was weakened, its 
influence on the ventricle made less and the quantity of blood driven — 
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into the ventricle diminished. Furthermore, with an arrangement of the 
cannulas such as we had the passages for the blood through the heart 
were left undisturbed and could vary in size with the variations in the 
heart muscle, as is indicated by the shrivelling of the auricles, There 
is apparently at first an increase in the elasticity of the heart, and this 
would tend to decrease the size of both the inflow and outflow passage 
of the ventricle and thus be another factor in decreasing the work. 
That these passages do vary in size under the action of digitaline is 
indicated by the following observations. In a heart undergoing great 
distension from the effects of the drug we have seen the semilunar valves 
became insufficient. In a heart in which the semilunar valves were in- 
sufficient owing to a twist of the aortic cannula we have seen them 
become sufficient under moderate doses of digitaline. In a heart where 
an attempt had been made to break through the valves with a wire and 
in which before digitaline the insufficiency was plain we have seen it — 
disappear under the drug. The suggestion naturally follows that in a 
similar way digitaline may sometimes produce its beneficial effects on 
the human subject. When however these conditions gave way to the 
slow heart, the beating of the auricle became powerful ; previous to each 
systole the ventricle was much distended and the pulsations were very 
vigorous; but here the infrequency of the pulse more than compensated 
for the increased amount of work. done by the single beats, and the work 
decreased. 

Appearances all indicate that the distensibility of the ventricle i is, 
in this latter case, much increased. It is evident that if this tendency 
_ to increased distensibility could be utilized before the pulse had become 
slow, then the result would be an increase in the work done by the 
heart. This leads us to suggest a way in which these discordant results 
might be reconciled. Our experiments show that the work of the heart 
is influenced much sooner. and more easily than its rate. It is also 
shown by: the experiments of Bohm (10) and Williams (17), the latter 
especially mentioning the point, that increased distensibility of the 
ventricle is the cause of the increased work. Blasius(!9) and 
Williams (17) have both observed the tendency of the work done by 
the frog’s ventricle under high pressures to gradually increase, though 
the conditions were kept constant. Among our own tables Exp, XXX. 
shows at the beginning such an increase. The work rises from 3 to 
9-2 c.c. in about 14 hr. and the rise is solely due to increased distension 
of the heart. It may be further noticed that Bohm generally-obtained 
his increase of work after the first dose of digitaline, and that in most 
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of those cases in which we obtained a rise, it was after the first dose or 
after the dose first following increased | venous pressure. The bearing 
of these points. is as follows : 

At the beginning of an experiment or just after an increase in 
venous pressure the heart under high pressure is capable of considerable 
further distension without a corresponding loss in elasticity. If it be 
left alone this distension will go on slowly, but if under these conditions 
digitaline be given the distensibility increases quite oo ond there- 
fore the work increases too. 

If now more digitaline be given slowing of the palse and further 
changes in the muscle substance takes place, both of which tend to 
decrease the amount of work done. 

Why these effects should follow when high pressures are used and be 
absent with moderate ones can perhaps be explained in the following 
way. Roy(?0) has shown that the curve of distensibility for the frog’s 
ventricle is an hyperbola. This makes a sharp bend at about 5 c.m. blood 
pressure, and beyond that increased pressures distend the ventricle but 
little; now the first part.of the curve falls quite nearly parallel with the 
axis of ordinates, and so an increase in distensibility with a venous pres- 
sure less than 5 c.m. would count for little. When the pressure is 10 or 
15 cm. however the case is quite different ; under these conditions in- 
creased distensibility must increase the capacity of the heart much beyond 
the normal and hence it would tend to do more work. In other words, 
while for moderate pressure the two curves would correspond, for more 
than moderate pressure they would widely differ. But even with mode- 
rate pressures the increased distensibility shows itself when the heart is 
slowed. As explaining this it. may be pointed out that the auricles are 
then beating strongly, often twice to each ventricular beat, and the force 
of the auricular systole joined with overfilling of the ventricle causes 
the observed distension. At first sight it might appear not easy to 
explain why, if the views just expressed are correct, we did not get an 
increase of work in all those cases where the heart was subjected to 
abnormally high pressures, as when for instance the semilunar valves were 
broken through. The fact however that we allowed the heart to beat 
for a long time before giving digitaline and thus permitted it to fully dis- 
tend for the pressure used is we think the true reason for the results we 
obtained. It is plain to every one who has watched the effects of small 
doses of digitaline on the heart, that its action on the muscle exhibits 
different phases and that the description of the condition of the muscle 
during any particular phase is not applicable to its condition during the 
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other. We mention this because what we have said might be construed 
as opposed to the views of Schmiedeberg(2!) and others who have | 
worked on the influence of digitaline on the heart muscle. 

These observations of Schmiedeberg(24) were however made on the 
muscle in the condition of systolic standstill, while our observations 
apply to the heart muscle when it is far from that condition, and hence 
we are speaking of a different phase in the action of the poison and the 
contradictions to the conclusions of the above-mentioned investigators 
is only apparent. Our method of taking blood pressure was essentially 
the same as that used by Béhm(10) for frogs and gave us similar results, 
so that we are here in agreement with other investigators. It may be 
pointed out however that while we found about the same rise in mean 
pressure as did Béhm(!9), only once in our observations on work did we 
obiain an increase of more than 6°/, Granting now for the moment 
the point, that these experiments which we have, showing a rise of work, 
give the true result, there is yet a marked disproportion quantitatively 
between the rise of mean pressure, from 20 to 35 °/,, and the rise of 6 °/, in 
work. Therefore even taking the most partial view of these figures we 
are compelled to bring in something besides the heart to account for 
the rise in pressure. 

In determining that the rise of pressure was due to the constriction 
of the arterioles we have made use of a method different from that of 
other investigators. By the means of other methods different in-_ 
vestigators whom we have already mentioned have reached results 
with which our own coincide, but Béhm(1), looking for a con- 
striction in the web of the frog, found nothing which satisfied him that 
the arterioles were affected by digitaline. Touching this point we have 
an observation of interest. In one case where the circulation through 
a frog was being tested, we spread out the web under the microscope: 
When the drug was given the arteriole observed was seen to grow 
barely smaller, although the flow had been decidedly diminished. This 
is a single experiment, but so far as it goes it indicates that a total 
constriction of the arterioles, which is very great, may take place while 
it is yet hard to determine whether or not a single vessel under 
observation has varied. The failure of our own obsérvations to agree 
‘with those of Béhm(i0) om.this point, appears to us less serious, first 
because in this case Béhm’s method was more open to objection, and - 
second because our views are supported by those of a number of other 
observers. 


We wish again to specially emphasize the ee character of 
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the results which we have obtained and to call attention to the fact 
that the relation of these results to one another is such as to warrant 
the inferences which have been drawn from them. 

It remains only to state our conclusions, generalizing from the Frog 
and Terrapin. 

I. Digitaline causes a decrease in the work done by the heart. 

II. Digitaline in moderate doses increases the blood pressure. 

III. Digitaline causes a rise of mean blood pressure by conatricting 
the arterioles, probably through its action on the muscular coats. 

Before closing we desire to express our obligation to Prof. H. 
Newell Martin, to whose kindness and suggestions we are much 
indebted. 
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ON THE RELATION BETWEEN THE ACTIVE PHASES 
_ OF CONTRACTION AND THE LATENT PERIOD OF 
SKELETAL MUSCLE. By GERALD F. YEO, MD. 

THEODORE CASH, MD. 


_Inrropuction. 


In a paper published in the Proceedings of the Royal Society last 
year’ we gave an account of experiments on the variations which may be 
brought about in the latent.period of contraction of the frog's gastro- 
cnemius by varying the conditions under which it has to act; and in a 
communication which has just been presented to the ‘Society we. have 
recorded the results of an investigation into the variations found in the 
latency of different muscles of the frog and of some other animals. - 

In these papers we have shown that the extremes, within which the 
length of the period ‘varies, are much more limited than has been 

The relation borne by the other parts of the muscle curve to the 
latency appears to us to be worthy of careful consideration; more 
particularly so since the conclusions we have arrived at do not fully 
accord with the views which appear to be commonly adopted, concerning — 
the variations of duration that may occur in the latent period or the 
relation they bear to the active phases of contraction. Further, we 
cannot find published: any comparative series of experiments upon 
which the theory that the latency varies in exact. proportion to the 
other parts of the curve—as is commonly asserted—could have been 
founded. 

. Although in the papers just mentioned attention has been especially 
directed only to the differences in the duration of the latent period, the 
other phases of the contraction have been duly noted and carefully 
measured, Recently we have made further experiments of a nature 
similar to those described in our first paper in order to control the 
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more marked changes then found, and in each case our former results 
have been confirmed. The object of the present communication is to 
compare the changes in the active phase of contraction with the varia- 
tions found to occur under similar conditions in the length of the latent 
_ period. The changes in the active phase of contraction are— 

1. The duration of the actual contraction, and 

2. The altitude and position of the summit of the curve. 


The large pendulum myograph was used. 

The recording lever consisted of two thin straws united -at. the 
writing point which was armed with a slip of thin platinum foil. The 
other ends of the straws were fixed at about two inches apart in a metal 
axis around which the weight was applied in the manner recommended 
by Fick’. By this arrangement perfect lateral rigidity was obtained 
and the yielding writing point could be finely adjusted so as to avoid 
friction without fear of its being knocked away by the swing of the 
pendulum, The use of an extremely light lever and the application of 
the weight to the axis are most important in minimizing inertia and in 
removing the effect of the throw up (“ Wurf”). ‘This may be seen from. 
the curves (Fig. I.) drawn by the successive contractions of the same 


Three curves shewing the effect of different modes of application of the same weight to 
the same musele. | 

= light lever with weight exerting 30 grms, traction on the muscle, applied to axle. — 

B = light lever with 30 grms. applied directly to muscle. 

C. Heavy lever exerting 30 grms. traction on muscle. 
muscle upon which an equal amount of traction was made in each case; 
being obtained in the curve (C) by a weighted lever, in (B) by a light 
lever but the weight hanging directly from the muscle and in (A) with 

a light lever and axial weight. Direct stimulation from a small du Bois 
Reymond’s inductorium :was sent through the entire length of the 
muscle; one electrode being connected with the cae in which the 


1 Pfliiger’s Archiv. rv. p. 301, 1871. : 
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femur was fixed, and the other with a cup containing mercury into which 
a wire attached to the tendon and lever passed. 

The movements of the lever were in no way impeded by the attach- 
ment of a stimulating wire, and the floating power of the mercury could 
be used to counterbalance the weight of the lever, which amounted to 
about 1 — 


CoMPARISON OF THE VARIATIONS IN THE DURATION OF THE 
CONTRACTION WITH THOSE OF THE LATENCY. 


I. Gastrocnemius of Frog under varying conditions. 
a. Difference in strength of stimulation. i 


With a single pint Daniell cell (which gave a submaximal stimula- 
tion to the nerve when the secondary coil was at a distance of 28 
centimetres) absolutely no difference in the duration of the curve could 
be distinguished even when the secondary coil was moved home to 0. 

During this change of satis se of stimulation the latent period 
diminished *0008”. 

In other experiments with two and three small Grove’s cells the 
duration of the contracting phase of the curve varied but little while the 
secondary coil was being moved from 20 c.m.to6c.m. In one case the 
sum of the differences was +°00038” and in another —°00027"; so that 
we may say there:wwas no marked change in the length of the contraction. 
While this change in the strength of the stimulation was taking place 
the latency was found to diminish ‘0075” and 0094" respectively. 

Whilst then the decrease in period of latency is steady and well 
marked still, after a maximal contraction has been reached, with moderate 
increase in stimulation no change of a regular or invariable kind takes 
place in the duration of the contraction. 

When however the secondary coil was moved closer than 6 c.m. a 
sudden change occurred in the length of the curve, and the lever re- 
mained elevated, only returning very slowly to the abscissa, so much so 
that the entire length of the curve could not be measured on the plate. 

This lengthening of the curve increased as the secondary coil was 
pushed nearer home, and when close up the muscle was found to have 
lost its irritability. 

During this period, while the duration of the contraction was so 
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notably extended (reaching quite double the normal) the length of the 
latency ceased to become shorter, and in the later stages, when the 
muscle began to lose its irritability, the latency manifestly increased 
in duration, adding ‘0086” to the minimum length 0116” attained when 
the secondary coil was at 6c.m. In short, as soon as the contracting part 
of the curve began to elongate, the latency ceased to become shorter. _ 
The following measurements taken from recent experiments in the 
main confirm the results just described which we formerly obtained with 


the more powerful cells. 


TABLE L 


Two Daniell cells, direct stimulation, increasing in strength. 


No. of Length of Latency. [Length of contraction. 
1 10 cm. 0131” 1039” 
2 8 c.m. 0106” 1104” 
3 6 c.m. 0095” 1145” 
4 4om. 0088” *1702”* 
5 2 c.m. 0083” 
6 0 cm. 0083” 1717"* 


Five curves selected from a long series. Strength of Stimulation increasing = 
Distance of second coil in A= 16 ¢.m.; in B=12 c.m.; 


* These curves do not return to the abscissa. 


below. Two pint Daniell cells. 


C=8 om.; D=4 ¢,.m; E=3 c.m. (Latency of upper curves (D and E) by error made 


too short in cut.) 


The experiments from which the following tables are taken were 
carried out in the same way as the previous one but only the extremes 


have been calculated out. 


Fie. I. 
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TABLE II. 
Increasing stimulation. 
No. |. Length of Latency. [Length of contraction. 
1 10 ¢.m. O112” 0969” 
6. 0 cm. 0084” *1530"* 
TABLE III. 
Increasing stimulation. | 
No. ng Length of Latency. |Length of contraction. 
1 10 c.m. 0124” 1046” 
6 0 c.m. 0084” 
| TABLE IV. 
Decreasing stimulation. 
No. of Length of Latency. [Length of contraction. 
1 Oem. 0084 
6 10 ¢.m. 0124 "1046 


* Do not return to abscissa owing to great increase in length. 


In these experiments we found that a regular increase in the strength 
of stimulus gives rise to a decrease in the latent period which may be 
reduced to about one half its original length. When the stimulus 
becomes excessive the latency becomes elongated rather than shortened. 
In no case has the latency been found to be reduced to the extreme 
extent that some authors describe. The remarkably short latency (viz. 
002”) measured by Rutherford’ with a Dupré’s chronograph, as the 


result of strong stimulation we were unable to arrive at. 


1 Text-book of Physiology 1880, page 155. 
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Through all the degrees of stimulation, which we can regard as 
physiologically possible, no increase or decrease in its strength alters the 
duration of the active part of the contraction. But when the stimulus 
reaches a certain very great intensity a considerable extension suddenly 
makes its appearance; the elongation of the curve being due to the 
‘residual contraction described by Tiegel’ as “ Contractur.” 

In some cases the end of the active contraction (which is taken to 
be the first notch in the descending part of the curve) is not marked 
and the duration of the contraction cannot be ascertained. 

We conclude therefore that no exact relationship either direct or 
inverse can be established between the changes occurring, as the result 
of increase in strength of stimulus, in the duration of active contraction 
and that of the latent period. For the latency varies much and the 
duration of the contraction but little until the stimulus becomes excessive. 


8B. Weight Difference. 

In our former paper it has been shown that the length of the latent 
period increases in proportion as a heavier weight is used, whether it be 
supported or allowed to hang free and stretch the muscle. Thus an 
increase from the lever weight to 100 grams applied to the axle was 
accompanied by an elongation of the latency of 0066” for direct and 
0072” for indirect stimulation. 

In these experiments with very light weights the duration of the 
contraction was found to vary only slightly. The difference in the case 
of direct stimulation was +08’. Or roughly it was th of the entire 
length. The greatest differences in the length of the curves occur with 
the lightest weights, and depend in part upon the inertia of the light 
lever, the effect of which has been here omitted. 

Recent control experiments differ in no respect from those just 
mentioned. 

The following tables illustrate the changes in the duration of curve 
and latency such as are commonly found. 


1 Pfliiger’s Arch. Vol. x11, p. 71. 
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TABLE V. 
Increasing weights. Medium stimulation. 
No. Weight Latency. Duration of contraction. 
1 grm. 009” “135” ) ‘These curves affected by in- 
2 0101" 096” { ertia of lever, (throw up). 
3 144 ,, 013” “072” 
5 39-4 019” 062” 
6 055” 
* The figures here given represent the actual ivsethons exerted on the muscle by weights, 
no‘ed on cut, acting at axle, . 


Fie. IIL. 


Shows the general appearance of the curves from which the preceding table is taken. 
The next table is measured from an experiment with the same 
muscle under the same conditions, except that the heavy weight is used 
first and gradually reduced to the lever weight. 


TABLE VI. 
No Weight* Latency. Length of contraction. 
1 96-4 grm. 0298” 0502” 
78:2, 0281” 0529" 
3 600 ,, 0259” 0563" 
4 0621” 
5 237 ,, 0171" 0704” 
6 55 0119” 0871” 
7 0093” 1387” 


* Actual traction on muscle made by weight at axle. 
An increase in the duration of the contraction with heavy weights 
was found in some of our former experiments and has been remarked by 
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Marey but was not found in these experiments with a perfectly fresh 
muscle. 

When the heavy weight is employed first this elongation does not 
occur, so it would appear to depend upon fatigue supervening or upon the 
muscle becoming damaged by the heavy burden. Omitting this latter | 
(probably exceptional occurrence} we may conclude that an inverse re- 
lation apparently exists between the effects produced by a difference of 
weight upon the duration of the contraction and upon the latency. 


y. Temperature Difference. — 


It has been abundantly shown that the iicteactlas of cold to a frog’s 
gastrocnemius markedly increases the latency. And it is well known 
that by the same means the length of the contraction may be immensely 
increased. 

It is also a ii oo fact that the application of heat has the 
: opposite effect. i.e. it produces a very short latency and a rapid con- 

- traction. The following woodcut and measurements suffice to illus- 
trate this. 


Fie. IV. 


“A” eurve taken while the air in the moist chamber was at 60° F. 
“B” at 56° F. 
“go” 50° F. 


TABLE VII. 


Effect of cooling. Fresh gastrocnemius. Maximal direct stimulation. 
Weight 10 grms. Room temp. 71° F. 


Duration 


No. | Temperature. Latency. of weamnaitens: 
1 60° F. 0103” 
2 55° ,, 012” 153” 

*3 50° ,, 012” 162” 

*4 0148” "171" 
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After reaching 47° F. the cooling was stopped and the moist cham- 
ber gradually allowed to regain the room temperature and then slowly 
warmed to 106 F. 


Fie. V. 


Curves drawn while the moist chamber is being gradually warmed—only every second 
curve shown in woodcut. | 


TABLE VIII. 
Effect of heating. 
No. Temperature. Latency. of poe 
2 012” *112” 
3 56° ,, 0117" -102” 
4. 0108” “09” 
5 66° ,, 0099” 07" 
6 0094” “067” 
7 “009” “063” 
8 0076" 061" 
9 0074" 061” 
*10 0076" 06” 
96° ,,. 0074" 
101° ,, 0072” 067” 
*13 106° ,, 0067” . 067” 


* These curves do not return to the abscissa. 


Here we see that the latency shortens with the earliest elevation 
of temperature and goes on steadily decreasing until it reaches the 
remarkably short duration of ‘0067”. 

The duration of contraction becomes shorter with every increase of 
temperature until 96° F is reached, at which point the contraction begins 
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again to elongate, the lever not reaching the base line but tending to 
remain high as if the muscle were passing into heat rigour. 


8. Effect of Fatigue. 


_ When viewing a series of superimposed curves taken while a muscle 
is becoming fatigued (the muscle having received 100 single shocks or 
10 seconds tetanus between each curve and its successor), one is struck 
with the obvious increase in length of both the latency and the curve 
itself, 

The following measurements taken from such a series illustrates this. 
In this case 10 seconds tetanus was given before each curve was 


recorded. 
TABLE IX. 
Fatigue. 
_ No. Latency. Difference. Contraction. - Difference. 

0166” “09” ” 
9 0173” pip 

3 018” + 0007 108” + 008 
” + 0003” ” + O11" 
4 0183 + 0004” 119 + 003” 
—-0014" +011" 
6 0173 + 0002” "133 + 017” 
7 0175" + 0019” 15 + O11” 
11 0222" 188" +011" 
12 0233” + 0011” 9" + 012” 


The woodcut shows by some selected curves the general effects of fatigue, but it 
does not give the length of the latencies exactly. 

A drawn after prolonged rest. 

B, C, D and E drawn immediately after the muscle had received 200 induction shocks, 

different curves. 
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TABLE X. 


Fatigue. Another series with 15” tetanus between each curve and the 
succeeding one. 


No. Latency. Difference. Contraction. Difference. 
1. 0099” *0653” 
9. 0106” 0673” 
3 “O11” 081" ll 
4. 0112" + 0002" | 
5, 114” | 
6. 0114" 0 1351” _ 0315” 
7. ‘01 1 4” 0007” | 036” Ol 36” 
8. 0121” 09” 
These numbers no doubt show a general alteration, i.e. an increase in 


the duration of both curve and latency but they hardly allow of any 
exact numerical relationship being established. 


II. veers in the Curve drawn by different Muscles under 
similar conditions. 


The different skeletal muscles of the same : ania have different 
modes of action just as the same muscles of different animals vary in 
their way of contraction, each muscle having a method of its own suit- 
able to the function it has to perform. Thus, although all the muscles 
of a slowly moving animal like a tortoise or a toad have a tendency to 
act slowly, some of them are more rapid in action than others, and in 
the quickly moving bird some muscles do not surpass the rapidity of 
action of a frog’s gastrocnemius under certain circumstances in so marked 
a degree as one would imagine. 


It has already been shown that the period of latency varies within 
limits which are narrow when compared with the variations in the 
duration of the contraction itself. This can be best seen by comparing 
the duration of the contraction and of latency in the following list. 


iB 
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TABLE XI. 
Animal. | Muscle, Latency. Duration of contraction. 
Gastrocnemius 0117” 
| Triceps 0114” 
Semimemb. 0116” 
Biceps cruris “012” 43” 
Rectus abdom. “16” 
Gastrocnemius 0123” 
Triceps 0126” “162” 
Hyoglossus 0191" 
Rectus abdom. 0191" 24” 
Omohyoid 0225” about °83” to notch 
Tortoise. Semimemb. 0247” 
Biceps Fem, “028” 
Rat. Gastrocnemius 13” 
Gastrocnemius 013” 081” 
Pectoralis M. 016” 083” 


The variations here met with in the latency fall within the limits 


‘011” minimal and ‘028” maximal, That is to say, the longest is about 
twice and a half the duration of the shortest. On the other hand the 
length of the curve corresponding with the contraction varies from ‘081” 
to over 1”—or in other words the longest curve is about 14 times 
greater than the shortest. 

The duration of contraction has, then, much wider limits of normal . 
variation than the latent period. The most slowly contracting muscles 
(Tortoise) have also the longest latent periods. But the bird’s muscles, 
which have much the quickest action, have a longer latency than the 
gastrocnemius of the rat, the latency of which is but very little shorter 
than that of the frog. 

We may therefore fairly conclude that the muscles which we find 
slowest in contracting have a somewhat longer latency than those which 
contract more rapidly; but there is no steady relation between the 
duration of the contraction and the latency. 
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3. 


VARIATIONS IN HEIGHT OF CONTRACTION AND POSITION OF THE 
SUMMIT OF THE CURVE. 


J. Variations in the Curve drawn by the same Muscle under 
varying conditions. 


a. Variation in strength of stimulation. — 


From the tables IV. and V. given in the paper above referred to’ it 
can be seen that with a single small Daniell cell no marked change in 
the altitude of the curve could be obtained after the “maximum- 
contraction” had been arrived at. With more than one small Grove’s 
element however a further change in the height of the contraction could 
be produced, but only when the stimulus became excessive. 

During the first few contractions, which were submaximal, the 
contractions rapidly increased in altitude as the secondary coil was 
moved towards the primary. The maximum-contraction was reached 
at 14 cm. (distance of secondary coil), After this no constant or 
marked increase in the height of the curve accompanied the increase 
of stimulation until the secondary coil reached a distance of 5 to 4 c.m. 

At this point the curve suddenly underwent a remarkable change 
in shape, accompanied by postponement and increase ve elevation of the 
summit. 

This hypermaximal contraction (ubermaximale Zuchung) of Fick’ 
and Funke*) continued to increase very slowly and slightly until 
the severe stimulations acted so injuriously on the muscle that it failed 
tu raise the lever to the height previously attained. 

In our recent experiments the same changes have been noted. 
With three pint Daniell cells the sudden hypermaximal contraction 
(which nothing in the preceding curves had at all led one to expect) 
invariably occurred when the secondary coil reached 4 cm. In all 
cases it is the new or secondary elevation of the lever that attains 
such an excess in height that the summit changes its position to a point 
further away from the starting point of the contraction; the earlier 
part of the curve, or the phase of increasing energy being not much 


changed. 


1 Royal Soc. Pr. No..219, 1882. 
2 Fick, Arbt. a. d. Physiol. Lab. d. Wiirzb. 0 gig 
Fun Pfli ‘iger’s Archiv. Vol. viii, p. 226 et seq 
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This is seen in the accompanying table and woodcut, which are 
taken from some curves selected from a long series. 


Five curves selected from a long series. Strength of Stimulation increasing from 
below. Two pint Daniell cells, Distance of second coil in A=160.m.; in B=12c.m.; in 
par sae, ; D=40.m.; E=8c.m. (Latency of upper curve (E) by error ‘made too short in 
cu 


TABLE XII. 
Stimulation-difference. 

No. Oot. Latency. Altitude in m.m. 

10 0125” 19°2 m.m. | 0615” 

2. 0107” 19°25 059” 

‘3. 011” 059” 

4, “009” Iva 043” 

Il. 1. 0131” 057” 

3. Bw 0106 ,, 064” 

4. 0088” 29°5 


* One curve omitted. 

As in the case of the length of the curve, so with regard to the 
altitude we find that the variations bear no accurate relationship to 
those, already mentioned, which occur in the latent period, 

B. Weight Difference. 

We learned from our old experiments that the height of the curve 
decreases while the latency increases when a greater burden is attached _ 
to the muscle; and further it was noticed that the first and last weight 
increments caused the greatest alteration in the altitude of the curve. 
After about 2°7 grm. traction is made on the muscle the fall off the 
height of the curve takes place gradually and bears a pretty accurate 
proportion to the increase in the weight. 
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The following table of measurements made out from. recent exper- 
ments tends to confirm. those given in the former. paper. 7 


Shows the general appearance of the curves from which the preceding table is taken. 


TABLE XIII. 

Difference in Weights, unsupported. 

No. Weight*. Latency. Altitude in pastance 
1 grm. (lever) “009” 315mm. | 

2 1°8 grm, 200 ,, 04” 

3 144, 013” 032” 

4 0169” 105 0259” 
39:4 ,, | 9°75 ,, 

6 021” ov. 0397"F 


. The numbers given in this column — actual traction on muscle made by 
weights acting at axle. 


+ Approximate. 
We conclude then that the increase in the latency when the burden 
is augmented by equal weight increments is regular and steady, and 
-is accompanied by a diminution in the height of the curve, which is 
however not so regular and even. 


y. Varying Temperature. | 

When the muscle is stimulated directly—so as to eliminate the 
effects of heat and cold on the nerve which is very sensitive to these 
influences—a steady increase in the altitude occurs when the tempera- 
ture of the air in the moist chamber is raised above that of the room. 
This can be well seen in many of the tables of measurement in our 
first paper. The following figures made out from a recent experiment 
on a frog’s gastrocnemius, weighted with 15 grams and stimulated with 
a single Daniell cell, will suffice to illustrate the change in altitude 
which follows the application of cold and heat obtained by the circulation 
of cold or hot water in coils of piping within the moist chamber. 
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‘*A” curve taken while the air in the moist chamber was at 60° F. 
“B” at 56°F, 
“O” 

48°F, 


Curves drawn while the moist chamber is bein uall warmed on! every second 
curve shown in woodcut. 


TABLE XIV. 
Room temperature 71°F. Varying temperature. 

L, 60° F. 0103” 0617" 15:0 m.m 
2. 55° ,, 012” 08” 
3. 50° ,, 013” “088” 160 ,, 
4. 0148” 1022” 
5. 46° ,, 0135” 1125” 160 ,, 
6. 012” 0848” 130 ,, 
7. 56° ,, 0117". 0703” 120 ,, 
8. 61° ,, 0108” 0455” 105 ,, 
9. 66° ,, 0099” 0357" 110 ,, 

ll 76° ,, 009" 0292” 130 ,, 

12 Si", 0076" 0306” 140 

13, 86° ,, 0074” 0308" 145 ,, 

14, 0076” 03” 150 ,, 

15. 96° ,, 0074” 0302” 

16. 101° ,, 0072” 0306” 

17. 106° ,, 0067” 0315" 175 ,, 
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_ The reduction of the temperature of the atmosphere in which the 
muscle is placed can be here seen to give three marked results ;—an > 
increase in the latency of ‘0045”, an increase in the altitude’ of about 
1 m.m. and the summit moving onwards, nearly twice as far, from the 
commencement of the rise of the curve. The earlier part of the curve 
1s flattened in proportion as the latency is lengthened, and the abscissa 

is not reached by the lever for some time after the one of the contrac- 
tion proper. 

The general effects of heat on the curve are obviously ——— to 
those of cold. 


The following are the effects produced by heating. 
1. Steady diminution in latency. 
2. The return to the normal temperature from cold produces a 


- diminution in altitude; but passing above the normal gives a rise in 
altitude. 


3. The distance of the summit is lessened; at 61°F the abscissa 
is reached very soon and the lever falls far below the base line, but 
above 96° F, the contraction is persistent. (Heat tonus). 

From the foregoing we conclude that variations of temperature pro- 
duce very marked changes in the latency but not proportionately ex- 
tensive changes in the height of the curve; it however at once changes _ 
the position of the summit—cold flattening the initial rise and height- 
ening the latter part of the long curve, heat cutting off all the latter 
part of the curve and making the initial rise more sudden. 

A closer relationship exists between the changes that occur in the 
latent period and those taking place in the other phases of the contrac- 
tion as the result of temperature differences than between those changes 
produced by differences of either stimulation or weight. 


8. Influence-of Fatigue. 

In our former paper, tables are given in which a very constant and ~ 
regular series of changes in the latent period can be seen to accompany 
fatigue. 

From other experiments the height of the curve has been found 
to decrease regularly in the later periods of fatigue, though at first it 
always rose slightly in our experiments; when the stimulus is unaltered 


cooling, below this the curve decreases in oe 
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the fall in altitude follows the straight line of depression described by 


Kronecker’. 

When very weak fatiguing currents (such as are not strong enough 
to produce tetanus) are used the curves often at first become shorter, 
and if the original curve showed a well-marked second summit this 
disappears (if the stimulation be not hypermaximal) just as if the 
muscle were heated. 3 

The changes in the form of the curve are equally interesting. As 
already stated, the duration of the contraction greatly increases, and as 
the curves become longer the second summit becomes much more 
marked, increasing both in height and extent, so that it finally comes 
‘to form the greater portion of the curve, and at an early stage is its 
highest point. | 

The comparison of a great number of curves of fatigue enables us to 
come to the conclusion that weak interrupted currents may have an 
effect on the muscle comparable to that produced by a_slight increase 
in heat, but that continued stimulation induces fatigue and subsequently 
causes changes very similar to those produced by cold in both latency 
and altitude, with the exception that the altitude begins to fall sooner 
with fatigue than with cold. 


TABLE. XV. 
Fatigue. | | 
I. 15 seconds very weak tetanus given between each curve and its suc- 
cessor. 


No. Latency. Altitude. Dist. of Summit. | Curve length. 
Fresh 1 0123” 18 mm. 0316" 08” 
2 0117” 0294” 0792” 
3 288" 087” 
4 = we 027” 098” 
5 8 E 18 0583” 
6 15°25 0613" 1117” 
7 £ 0253” 107” 
*8 0263” 0961” 


* Long rest before curve 8. 


' Ermiidung und Erhohlung der quergestreiften Muskeln. Berichte a. Sdchsish. Gesell 
a. Wissenschft. 2. Leipzig. 
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II. 100 indirect stimulations before each curve. 


No. Latency. Altitude. | Dist. of Summit. | Curve length. 

0167” 14°5 m.m. 033” 0764” 

2 0194” 066” 

3 0176” 21 072” 133” 

4 0194” 19 07” 

5 0203” 13 072” *185” 

6 0208” 078” 

7 0211” 068” 


III. Curarized muscle. Direct stimulation. Tetanus for 10 seconds 
before each curve. 


No. Latency. Altitude. | Dist. of Summit. | Curve length. 
1 0167” mm. - +035” 0733” 
2 0173” 043” 082” 

018” 046" 09” 

4 0183” 190 ,, 05” 1028” 
5 0188" | 190 ,, 054” 
6 0173” 20 069” 
7 0175” 22 0705” 
~ 0194” 19 is 068” 1128” 
9 0172” 15 ,, 079” +123" 

10 02" 19 = 

11 0211” 18 3 144” 

13 0233” 12 183” 


II. Variations in the Curve drawn by different Muscles under 
similar conditions, 


In different muscles of the same animal and the same muscles of 
different animals the conditions are so varied that a comparative 
estimate can hardly be made so as to be useful. The altitude of a 
curve drawn by a muscle depends on (1) the length of the muscle; 
(2) the direction of its fibres; (3) the weight of the lever and the way 
in which the weight is applied; as well as on the temperature, time of 
year, irritability and trophic variation, &c. : 

We ought therefore to be prepared to find that very great variations 
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in the height of the curve occur, which bear no relation to the much 
smaller and more regular changes in the latency of the numerous 
muscles we have examined. | 


4, 


GENERAL REMARKS AND CONCLUSIONS. 


From the foregoing examination of the curves drawn by the frog’s 
gastrocnemius under different conditions and by different muscles, the 
following conclusions may be drawn. 


I. Increase in the strength of the stimulus is accompanied by (a) 
a steady and gradual shortening of the latent period; (8) a sudden 
prolongation of the actual contraction when a certain degree of stimula- 
tion is reached ; (vy) an elevation of the altitude of the curve with the 
early and the final parts of the increase; (5) and a removal of the 
summit to a later part of the curve as soon as the elongation of the 
curve is established. 


If. Increase in the weight used as a burden for the muscle is 
accompanied by (a) elongation of the latent period; (8) commonly a 
slight shortening of the duration of the contraction; (ry) depression of 
_ the height of the curve; (8) no marked change in the position of the 
summit except in extreme cases, 


III. The application of heat causes (a) very marked and continuous 
shortening of the latent period; (8) a gradual and distinct increase in 
the height of the curve, and (y) a more rapid arrival at the summit — 
followed by a sudden fall of the lever, which usually passes considerably 
below the abscissa. (Extreme warmth has however an opposite effect, 
when above 90°F. the altitude gets lower and the muscle remains 
contracted.) 


IV. Cooling causes (a) the latent period rapidly to increase; (8) a 
great increase in the duration of the contraction; (y) at first a slight 
elevation in the altitude (extreme cold however lowers it); (5) the initial 
part of the curve is flattened and the summit is delayed until a later 
period. 

V. Gentle Activity seems to increase the rate and power of contrac- 
tion. Very weak interrupted currents have an effect like that produced 
by gentle heat. If extreme fatigue be induced (a) the latent period 
becomes much longer; (8) the duration of the contraction is increased ; 
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(y) the height of the curve is considerably lessened; (8) and its summit 
is moved away from the beginning of the contraction towards the end of 
the curve. 


Of the changes here referred to it may be observed that those in the 
latency are much the most constant, regular and gradual, and as a rule 
they do not bear any exact or definite relation to the changes in the 
other phases of the contraction. Further, the extremes within which 
the duration of the latency varies in our experiments are much more 


limited than those recorded by other experimenters, The great number | 


of our experiments and invariable constancy of our results, and most 
particularly the delicacy of our methods of time measurement, convince 
us that the figures are accurate. We are unable to explain the 
measurements given by Volkmann, Place, Klunder, Ranvier and 
Rutherford, as their results were obtained by other methods and 
under conditions differing from those under which our own were 
performed. 

The duration of the contraction is most strikingly affected by changes 
of temperature ; a slight increase of temperature being the most efficient 
means of shortening the contraction, cold on the other hand, even when 
very slight, causes marked increase in the length of the contraction and 
both these changes can be brought about by these means without in the 
least injuring the tissue. The sudden increase in length which follows 
strong stimulation, the gradual elongation accompanying fatigue and the 
delay in relaxation that occasionally occurs with excessive weights are — 
generally accompanied by injury to the muscle, from which it with 
difficulty, if at all, recovers. This is especially true in the case of a 
- muscle removed from the circulation. 

The altitude of the curve is the character which, ceteris paribus, varies 
least with any given muscle but which exhibits the greatest differences 
in different muscles. This of course one expects, since the amount of 
shortening depends upon the length, ——— of the fibres and other 
properties of the individual muscles. 

In the curves drawn by the same muscle the following points 
deserve special attention. Both heat and cold increase the altitude 
without injuring the muscle. Too intense stimulation will also elevate 
the curve but at the same time it injures the muscle tissue. Increased 
weight slightly decreases or may occasionally increase the height of the 
curve without spoiling the muscle, so also does a certain degree of work ; 
but the severe fatigue which is associated with great flattening of the 


‘4 
x 
; 
3 
| 
4 
i 
& 
x 
a 
a 
ig 
in 
Pe: 
ag 
¥ 
a 


LATENT PERIOD OF SKELETAL MUSCLE. 219 


summit always is accompanied by a loss of both excitability and 
contractibility in the muscle examined out of the circulation. 

We now come to a question which requires very accurate examina- 
tion; namely the position of the summit and general form of the curve. 
It has been long since noted that under certain circumstances such as 


fatigue (Funke’) or intense stimulation (Fick*) the curve has a 


double summit separated by a more or less distinct notch. This notch 
has been attributed to accident, irregular breaking of the contact and 
double stimulation or some such abnormality. Now the impression left 
on our minds after two years’ working with an instrument which we 
believe to be free from the common sources of error is that a double 
summit (or at least a flat-headed curve) is the accurate representation 
of the normal action of several skeletal muscles under certain conditions, 
and we feel inclined to state positively that with minimal friction and 
absence of lever or weight inertia every curve drawn by a maximal con- 
traction of certain muscles may have a double or flat summit. The 
reason that this character of the curve has only appeared as a rarity 
is simply that it is the exception to get a lever and method of weighting 
free from the mechanical defect which renders its appreciation impos- 
sible. It requires but little “throw-up” of the lever to completely ob- 
literate the notch and make the tracing an even curve. When the 
contraction is prolonged by fatigue or over stimulation so as to make 
the second summit pass beyond the reach of the effect of inertia, then 
the “Nase” of Funke or the “ubermaximale Zuckung” of Fick becomes 
obvious, showing two summits. 

The question now arises what is the interpretation of this second 
summit? _ Our curves teach us that any circumstance that injures the 
excitability of the muscle very much accentuates the second summit, 
this change generally being associated with a corresponding diminution 
in the primary elevation of the lever. -As long as the muscle retains its 
power of contracting after its normal irritability is greatly lost this 
tardy second summit is not much lowered. In fact, injurious influences 
which render the muscle sluggish in responding to stimulation seem to 
bring out the later summit with greater distinctness. 

Most instructive are the changes wrought by heat and cold. Heat 
cuts away the second summit completely while it hastens and intensifies 
the primary elevation of the curve. Cold on the other hand almost 
destroys the sudden primary rise and greatly exaggerates the elevation 


1 Loe. cit, Lot. cit. 
PH. IV. 16 
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of the later part of the curve, at the same time accentuating the notch 
between the two parts. And it is commonly agreed that heat increases 
and cold decreases the excitability of a muscle. Those circumstances 
which cause increase in the period of latency (cold, fatigue and over 
weight) all have a tendency to flatten the initial rise of the curves and 
sooner or later to exalt the region of the second summit. Within 
certain limits the converse is also true; viz. those influences which 
tend to decrease the length of the latent period have an exalting effect 
on the primary rise of the lever. This is unreservedly true of increased 
heat, and within what we may term physiological limits it is also 
strictly true of inereased stimulation. But when the intensity of the 
stimulus exceeds the bounds of physiological possibility, then the 
shortening of the latency ceases and the height of the second summit 
suddenly exceeds that of the first which then rapidly falls. It is 
further worthy of note that muscles with the shortest latency (such 

as the bird's pectoral) are those in which the second summit cannot 
ne detected; in fact they draw a curve (as far at least as we have 
examined them) like the heated muscle which looks as if the second 
part of the normal curve were omitted. And on the other hand most 
of the very slowly contracting muscles of the tortoise have commonly 
a well-marked second summit and a long latency. 

The peculiar tonic character of the contraction of some tortoise and 
toad muscles which draw a curve with a very late summit and slow 
return to base line and the readiness with which a cooled frog’s muscle 
passes into a kind of tonus after the secondary summit has become well 
marked, tempt us to think that this second elevation of the curve may 
have a different physiological character from that indicated by the first 
rise in the contraction. The complete absence of this second summit in 
curves drawn by rapidly contracting muscles and those heated up to a 
certain extent seem to confirm this theory. We feel therefore inclined 
to name these two summits the clonic and tonic. The clonic can be 
seen alone normally in the tracing from a bird's pectoral, or is capable 
of being shown separately in the frog’s gastrocnemius by a certain 
elevation of temperature. The normal example of tonus alone can 
only be seen in non-striated muscle; but in the curves drawn by the 
skeletal muscles of the tortoise the tonic part of the curve certainly 
seems to preponderate as it also does in cooled frog’s muscle. 

' The fact that too great heat causes the muscle to remain con- 
tracted is not an argument against its doing away with the tonic 
part of the contraction, because the rigor of heat appears in quite a 
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different way from the ‘cold tonus’ and seems rather to be an exaggera- 
tion of the residual contraction which so remarkably increases with any 
injurious influence, 


Diagram showing the composition of a curve with double summit as drawn with a li 
lever oo axial weight. W=curve when drawn with heavy lever, C=clonic, phere 
summi 


- To make our meaning more elear we have constructed the above 
diagram; in which the broad line represents a typical normal curve 
and the broken lines indicate its component parts. The thin line (W) 
above shows the curve commonly drawn with lever or weight’ inertia, 
the “throw-up” being sufficient. to obliterate the notch. The dotted 
line gives the tonic and the broken line the clonic parts of the curve. 

Rapid clonic contraction is the great and valuable property of 


striated muscle fitting it for its function, which is superior to that of 


smooth muscle only capable of tonic movement. In striated muscle the 
tonus is required to cement the clonic together and make perfect 
tetanus. Heart muscle has no clonic character but only a rapid and 
rhythmical tonus. When disordered by over stimulation, poisons or 
the like, it passes into a state of permanent contraction or slower tonus, 
but without any sign of clonic units added together to make a proper 
tetanus. 

In the skeletal muscles the tonic division of the curve is observed 
in direct stimulation and becomes more conspicuous as the irritability 
begins to fail and a sluggish form of tonus persists for a long time after 
the clonus has quite disappeared, as can be seen in the phenomenon > 
called ideomuscular contraction. In the heart muscle also the slower 
and irregular tonus begins when the normal simultaneous quick 
- contraction can no longer be induced. In the last stages of fatigue 
tonus alone appears, and when the clonic contraction is prevented by 
too heavy a weight after a long latency the tonus can raise it. With 
submaximal stimulation no tonic character can be recognized in the 
curve, and with excessive stimulation the tonus becomes exaggerated. 
From these facts we conclude that the tonus is more enduring, more 
powerful, more difficult to bring about (i.e. less easily excited) as well as 
being more tardy in mode of action than the clonus, 
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A THIRD CONTRIBUTION REGARDING THE INFLU- 
ENCE OF THE INORGANIC CONSTITUENTS OF 
THE BLOOD ON THE VENTRICULAR CONTRAC- 

‘TION. By SYDNEY RINGER, MD., Professor of Medicine 
at University College, London. 


IN a previous communication (Journal of Physiology, Vol. tv, No. 1.) 
I showed, that without the presence of a lime salt in the circulating fluid, 
the contractility of the ventricle cannot be supported. I also showed 
that lime salts greatly delay diastolic dilatation, and that this effect of a 
physiological quantity of lime is obviated by a physiological quantity of 
a potash salt. 

I further showed that a solution containing sodium chloride and 
a lime salt only will not sustain contractility so long as a mixture 
containing a potash salt in addition. For operating with. saline 
solution and lime only, the characteristic lime effects appear, in about 
half to three quarters of an hour, i.e. the ventricular contractions 
grow weak and contractility soon ceases; but if in addition to the 
saline solution containing a calcium salt, a physiological quantity of 
potassium chloride is superadded, then good contractility will persist 
for an hour to two hours with only slightly weakened contractions, 
being about a third less strong. 

We see then that a potassium salt by its influence on dilatation is 
essential to the maintenance of contractility. 

I showed too that when fed with a neutral fluid the ventricle | 
will contract well for ninety minutes or longer. 

Moreover I demonstrated that sodium bicarbonate added to saline 
‘solution will not sustain contractility, nor will saline solution with 
sodium bicarbonate and potassium chloride, Yet sodium bicarbonate 
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or site an alkaline state of the fluid does favour contractility as 
the following experiments show. 

A ventricle fed with the neutral solution, 100 c.c. saline, 2°5 c.c. CaCl? 
solution 0°5°/,, and 0°75 c.c. of 1°/, potassium chloride solution, in the 
course of an hour to an hour and a half grows weaker, and becomes 
reduced by one-third its original strength. At this point on the addition 
of 5 cc. of a 1°/, solution of sodium bicarbonate the strength of the 
contractions becomes notably improved; sometimes indeed the con- 
tractions are as good as at the beginning of the experiment. 

On another occasion, I replaced blood solution by 100 cc. saline 
containing 2 c.c. of 0°5°/, solution of calcium chloride. The characteristic 
lime effect on diastolic dilatation ensued. In about forty-five minutes 
the contractions grew weaker, and when reduced to about one-third 
their original height I added seven minims of 1°/, potassium chloride 
solution. In nine minutes the contractions being still feebler I added 
5 ec. 1°/, solution of sodium bicarbonate. The spontaneous contractions, 
which on the addition of potassium chloride stopped, soon recommenced, 
their strength increased, and thirty-six minutes after adding the sodium 
salt the spontaneous contractions became equal to the blood mixture 
standard. 

In a similar experiment, extended over a shorter time (about thirty- 
six minutes), spontaneous contractions restored by sodium bicarbonate 
became even stronger than with the blood used at the beginning of 
the experiment. 

To what is this improvement due? Is an alkaline solution necessary 
to the production of muscular contraction? or is the weakening which 
sodium bicarbonate removes, really due to the developement of acid by 
the muscular contractions? It can scarcely be maintained that an 
alkaline fluid is necessary seeing that, though weakened, yet fairly 
good contractions persist after feeding the ventricle with a neutral 
solution for ninety minutes and more. | 

It is more probable I think that the acid developed in the 
muscles under contraction gradually weakens and at last suspends 
contractility. 

_ This much at least is certain that the sodium eats acts by 
virtue: of its alkalinity and not as a soda salt, for the addition to the 
circulating fluid of calcium hydrate or ammonium carbonate will produce 
the same restoration of the beats. 

I replaced blood solution by 100 e.c. saline containing 2°5 c.c. of 0°5°/, 
solution of calcium hydrate. When the contractions became weak I 
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added a small quantity of potassium chloride and the contractions became 
weaker still. I then added to the 100 cc. of circulating fluid 1 cc. of 
lime water and the contractions quickly improved. 

On another occasion I replaced blood mixture by 100 c.c, saline, 2 c.c. 
calcium chloride *5°/,, and 0°75 c.c. potassium chloride 1°/, In about 
twenty-five minutes the contractions were reduced to about 4 their 
original amount. Then I added 1 c.c. lime water and the contractions 
quickly improved, and became as good as with blood mixture; 
subsequently the lime caused much persistent spasm. | 

Carbonate of ammonia also improves the contractions. 

I replaced blood mixture by 100 cc. saline with 5 cc. calcium 
chloride ‘5°/y. In forty minutes the contractions became very weak with 
marked lime effect. I added 0°75 c.c. of 1°/, of potassium chloride and 
the contractions became still weaker. In eight minutes after adding 
the potassium chloride I added in successive doses 10.c.c. carbonate of 
ammonia solution *5°/,; the contractions improved greatly but did not 
become quite so good as when operating with blood mixture. | 

We see then that the amount of contraction, the duration of the 
contraction, the breadth of the trace, and the rapidity of diastolic dilata- 
tion, depend entirely on the relative quantity of the normal saline 
constituents of the blood. 

With calcium chloride added to saline, if the rhythmic contractions 
retain their normal frequency, we get increased breadth with rounding 
of the top of the trace, which leads to fusion of the beats and the 
trace rises high above the base line. A physiological quantity of a 
potash salt added to the circulating fluid, quickly removes all the lime 
effects and restores good normal contractions. | 

If the contractions are less frequent or occur only with an excitation 
the calcium chloride like other lime salts at first broadens the trace, 
rounding its top and then greatly retards diastolic dilatation. Potassium 
chloride obviates these effects. | 

The retardation of dilatation may be removed, but a little larger 
dose makes the beat quite normal, sharpening the top of the trace and 
decreasing its breadth. If a larger quantity is added, the height of the 
trace becomes reduced. If when the trace is somewhat weakened by 
potash, 5 c.c. of 1°/, solution of sodium bicarbonate is added to 100 cc. 
of circulating fluid, the contractions regain their full strength but 
again become broadened and their tops rounded; but this broadening 
is again removable by a further dose of potassium chloride, which if 
large enough will again weaken the contraction. The addition of 
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another 2°5 c.c. of 0°5°/, solution of calcium chloride to the 100 c.c. of 
circulating fluid will again reproduce complete contractions and the trace 
may again become broadened; but the addition of more calcium chlo- 
ride, even 10 c.c. of 0°5°/, solution, will not prolong diastolic dilatation ; 
in fact with a sufficient quantity of potassium chloride, no quantity of 
calcium chloride is capable of retarding diastolic dilatation. 
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FURTHER OBSERVATIONS ON THE COAGULATION 
OF THE BLOOD. By L. C. WOOLDRIDGE, D.Sc., M.B., 
George Henry Lewes Student. 


(From the Leipzig Laboratory.) 


InN a previous communication on the relation of the white blood 
corpuscles to the coagulation of the blood’ I pointed out that there are 
essentially two processes to be considered. 

The blood plasma after it has left the womela exerts an active 
destructive influence on the white cells whereby the latter are them- 
selves converted into fibrin, but at the same time a certain substance (or 
substances), which I then, in accordance with the usual doctrine, called 
fibrin ferment is liberated from the cells. 

This substance (or these substances) is able to bring about the 
coagulation of the fibrinogen in the plasma. 

Previous to my communication the active destructive power of the 
plasma had been entirely overlooked. Writers on the subject always 
speak of a breaking up (Zerfafl) or death (Absterben); there is never 
the slightest hint that the plasma plays an active part in the matter. 

Rauschenbach* under the direction of Prof. Alexander Schmidt 
has repeated and extended my experiments, using cooled plasma instead 
of peptone plasma. He comes to exactly the same conclusion as I do 
with regard to the active destructive power of the plasma, except that 
he does not make the distinction which I do between plasma in the 
vessels and plasma which has left the vessels. He with, I think, perfect 
right makes much of this action of the plasma (Spaltende Wirkung), 
but he does not seem to be fully convinced that I had discovered the 
fact long previous to his communication. 

In extending my own researches I first directed my attention to the 
body or bodies which are separated from the white cells and which 


1 Proc. Roy. Soc., Vol. xxxi1., p. 413. 1881. 
* Blut Plasma und Protoplasma, Inaugural Dissertation, Dorpat. 


“he 
7 
= 
x 
4 
3 


COAGULATION OF BLOOD. 227 


induce ‘idle of the fibrinogen of the plasma; and in doing 
- go I have come upon a fact which is of the very highest importance 
not only for the question of the coagulation of the blood but for 
the very much greater question of the nature of the chemical processes 
in protoplasm which constitute life. 

This fact is that. lecithin, a body omnipresent in protoplasm, 
can bring about coagulation. _ 

I describe now the experiments on which this statement is based. 

The experiments were performed on dog’s blood which had been 
prevented from coagulating by injection of peptone. 

For the satisfactory carrying out of the experiments in question 
the peptonization must be very complete, the. plasma from the blood 
must be centrifuged until absolutely no further sediment is obtained. Such 
a plasma is not coagulated by passing through it a stream of carbonic 
acid, no matter how long or how frequently this may be repeated, nor 
is it coagulated by adding other acids, e.g. acetic, till a slightly acid 
reaction is present. 

But although a stream of carbonic acid or the addition of another 
acid does not induce coagulation it does bring about a certain change ir in 
the plasma, as will be apparent from the following experiment. 


Eup. Peptone plasma uncoagulable with Co, To 1 part plasma, 1 part 
normal serum is added. After 24 hours a sonnel perceptible clot ; no further 


increase on standing 24 hours longer. 

To. one part of same plasma, but one through which a stream of Co, had 
been passed, 1 part normal serum is added. In 10 minutes complete coagu- 
lation has occurred so that the vessel can be inverted without anything falling 
out, 


We see henaties that a plasma practically incoagulable with serum 
is rendered easily coagulable after a stream of carbonic acid is passed 
through it. The plasma in question is totally uncoagulable with fibrin: 
ferment, but it becomes readily coagulable with fibrin ferment after a 
stream of carbonic acid has been passed through it. It is not necessary 
to use carbonic acid, Neutralization with acetic acid acts just in the 
same way. 

Plainly therefore in peptone plasma either fibrinogen is not present 
as such (it is present, for it can be obtained by the salt method), or there 
is something present which prevents its coagulation. The acidification 
does away with these obstacles, and when the necessary additions have 
been made coagulation occurs. To this point I will return sssicas 


PH. IV. 17 


> : 
a 
45 
x 
“a 
pe 
iu 
“aa 
jest 


I wil call to mind that I am speaking of a plasma which is not 
coagulable with acids. 

If to such a plasma lymph cells obtained in the method previously 
described by me be added coagulation occurs. If sufficient lymph cells 
be added the coagulable substance in the plasma disappears, that is to 
say you get a serum, This serum will bring about coagulation in a 
further portion of plasma. 

Now the usual doctrine about cells is that they give out fanart 
and paraglobulin. 

But it is quite evident they must do more than this, for, as we have 
seen above, normal serum which contains both produces by itself alone 
a very famt coagulation. But it always does induce a certain amount 
of coagulation, which is as it ought to be, since normal serum of course 
contains the:products of the disintegration of white cells although to a 
much less extent than the plasma I have been talking about. 

‘Both the cells and the serum from the coagulation brought about 
by cells act with very great rapidity and completeness, They must 
therefore give out something which exerts a similar influence to that 
exerted by the passage of a stream of carbonic. What this influence is 
I do not at present know, but I have learnt something as to what is 
the body or what are bodies which the cells give out. 

For I find ‘that the alcoholic extract of the cells acts just as well as 
the cells themselves, Now the alcoholic extract has invariably an acid 
reaction, and as will be remembered we are now dealing with a plasma 
not coagulated with acids but rendered coagulable by acids, The acid 
of the extract plays a part, but it is not sufficient for coagulation ; 
the other substance in the alcohol extract is necessary, and this other 
substance is lecithin. 

The alcoholic extract is prepared as follows : 

The lymph cells are extracted with hot alcohol, this is filtered off 
and allowed to cool. A precipitate occurs on cooling and this is again 


filtered ; the filtrate is evaporated to dryness. The residue is treated — 


with a little cold absolute alcohol ; a very large portion is left undissolved. 
After filtration the clear alcoholic solution is evaporated to dryness. 

is then dissolved in cold absolute ether and this is filtered and evapo- 
rated. The ethereal solution has an acid reaction. One portion of this 


extract is used for coagulation experiments. The other is used for ana- 


lytical purposes. 
The coagulation experiments are made in the following manner : 
A _— of the extract is rubbed up ‘to a paste or thick emulsion 
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with a drop ‘or two of dilute sodium carbonate. This neutralizes the 
acid present. On diffusing this emulsion through a portion of plasma 
no coagulation results, But when I pass through this plasma a current 


of Co, complete coagulation occurs in from 10 to 20 minutes. 


The plasma without this emulsion is totally uncoagulable with Co,. _ 

Now as to the chemical nature of this extract which can bring about 
coagulation, the residue from the ether solution is not crystalline but 
forms a yellowish waxy mass. In water i is not soluble, but it swells up 
and if examined under the microscope the formation of the peculiar — 
myelin drops, characteristic of lecithin, is observed with great distinct- 
ness, Ifa portion be incinerated with sodic carbonate and saltpetre it 
leaves an ash very rich in phosphoric acid, If it be dissolved in a little 
alcohol and to this be added an alcoholic solution of platinum chloride 
a voluminous yellowish white precipitate is caused. This precipitate is 
not distinctly crystalline and is very easily soluble in chloroform. It 
contains platinum, chlorine and phosphorus. The filtrate from the plati- 
num chloride precipitate when freed from superfluous platinum by a 
stream of HS and evaporated to dryness, leaves a comparatively very 
small residue which melts on the water bath. This is easily soluble in 
ether and alcohol, the solutions having an.acid reaction. It is not soluble 
in water, but is soluble in dilute alkalies, If the alkaline solution be 
acidified and heated oily drops appear on the surface. If the substance 
be treated with concentrated caustic soda, a jelly like mass is the result . 
In fact the residue in question consists of fatty acids. 

Now if this residue be treated with a little carbonate of soda and 
the influence of the resulting soap on coagulation be tested in the 
manner above described, it is found that it is absolutely without any 
influence, 

The alcohol ether extract which brings about coagulation in the 
manner above described consists then chiefly of lecithin; besides the 
lecithin there is a small quantity of fatty acids. When the lecithin has 
been removed, the extract has lost its power of bringing about coagu- 
lation. 


A peptone plasma which does not coagulate with Co, is a plasma in 


_ which there are no white cells and no products of the breaking up of 


white cells; and we have seen that the addition of lecithin, which is 
abundantly present in the cells, renders the plasma coagulable under 
the above-mentioned circumstances. 

I will only remark, although it is scarcely necessary for me to do so, 
that the alcohol ether extract certainly does not contain any fibrin 
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ferment. Heating it to 100°C. in water does not destroy in any way its 
activity. 

The ordinary Schmidt’s ferment is free from lecithin. 

I will call to mind certain well-known facts in coagulation. The 
transfusion of serum or defibrinated blood is as a general rule not. fol- 
lowed by thrombosis. Yet a solution of fibrinogen coagulates at the 
temperature of the body with great rapidity. This has always been a 
point of great difficulty in connection with the coagulation doctrine. 
The peptone plasma behaves, in this respect, just like the plasma in the 
vessels, The peptone plasma behaves towards ferment just as if it con- 
tained no fibrinogen. After a current of Co, has been passed through 
it, it behaves just like a solution of fibrinogen. | 

~ It is on evidence of this nature that we talk of zymogen in gland 
cells. And I think it is almost admissible to talk about a mother 
substance of fibrinogen in the blood. 

The able researches of Hammarsten have shewn that one albumi- 
nous body is sufficient for fibrin formation. 

But Hammarsten also finds that when a fibrinogen has been dis- 
solved-and reprecipitated a great number of times special ferments are 
necessary for fibrin formation; and it is a very suggestive circumstance 
that these special ferments lose their activity after standing some little 
time under alcohol. (Removal of lecithin.) 

I need hardly add that the above brief and condensed statement is 
intended only as a preliminary communication. 
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ON THE CORTICAL AREAS REMOVED FROM THE 
BRAIN OF A DOG, AND FROM THE BRAIN OF A 
MONKEY. <A Report sy Dr KLEIN, Mr LANGLEY 
AND PROF. SCHAFER. 


AT a meeting of the Physiological Section of the International 
Medical Congress held in London in 1881, Prof. Goltz exhibited a dog 
and Professors Ferrier and Yeo a monkey; from the brain of the dog 
a large area of the cortex had been removed without producing any such 
effect. as according to Prof. Goltz would necessarily result if the theory, 
as usually held, of the localization of function of the cortex were true ; 
from the brain of the monkey a definite part of the so-called motor 
area had been removed and a localized paralysis produced, a paralysis 
which, according to Professors Ferrier and Yeo, could not result if 
that theory were not true. Since it was possible that in the first case 
the absence of localized lesion might be due to some portion of each 
cortical ‘area’ remaining intact, and that in the second case the occur- 
rence of the localized paralysis might be due to some portion of the brain 
other than the cortex having been injured, we were appointed by the 
Physiological Section of the Congress to examine the brains and to report 
on the extent of the lesion in each case. A preliminary Report was 
published in the Transactions of the Congress. We now give a more 
detailed account, and we trust that the figures given in illustration of 
our account will enable those acquainted with the structure of the 
brain to form an independent judgment as to the extent of the lesions. 
We refrain altogether from drawing conclusions with regard to the 
theory of localization, to do so would be to intrude on the province 
of the original experimenters. We have not found it practicable for each 
one of us to examine the whole of the material furnished by both brains ; 
each is responsible for a part only, Dr Klein for the left side of the 
brain of the dog, Mr Langley for the right side, and Prof. Schafer for 
the brain of the monkey. 

We have thought it fitting to reprint from the Transactions of the 
Congress so much of the discussion which took place in the Section 
PH. IV, 18 
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as bears directly upon the condition of the two animals during life 
subsequent to the lesion; in order that this condition and the injuries 
to the brain may be conveniently studied together. 


Discussion on the Localization of Function in the Cortex Cerebri. 

Prof. Gotz, of Strassburg:..... Ich habe einen Hund aus Strassburg 
mitgebracht, dem ich durch fiinf verschiedene Operationen in der Zeit 
vom 15. November 1880 bis 25, Mai 1881 die Rinde beider Scheitel- 
lappen und Hinterhauptslappen weggenommen habe. Wie weit etwa 
Reste dieser Lappen noch erhalten sein mégen, wird die Section lehren. | 
Die Stirnlappen und die Schlafenlappen sind von mir verschont worden. 
Die kolossale Ausdehnung des Hirndefects konnen Sie bei dem lebenden 
Thier an der merkwiirdigen Verunstaltung des Kopfes schon durch das 
Gesicht erkennen. Wenn Sie mit den Fingern rechts und links die 
Rander der ungeheuren Knochenliicken betasten, so wird Ihnen noch 
deiitlicher werden, welche ausgedehnte Zerstérung das Thier gliicklich 
iiberstanden hat. Dieser Hund ist in mancher Hinsicht der interes- 
santeste Fall, den ich unter meinen zahlreichen Beobachtungen zu 
verzeichnen habe, und es ist mir deshalb doppelt werthvoll, dass ich 
Thnen das Thier gesund vorstellen kann. Wihrend naémlich Hunde 
mit grossem Hirndefect in der Regel sehr triige zu sein pflegen, zeichnet 
sich dieser Hund durch seine quecksilbrige Lebhaftigkeit der Bewe- 
gungen aus, 

Setzen wir ihn aus seinem Kasten heraus, so lauft er fortwahrend 
mit dem Schwanz wedelnd im Zimmer herum. Sie werden beobachten, 
dass seine Bewegungen keine Anomalie zeigen, Er wendet sich bald 
links bald rechts herum, benutzt geschickt ganz wie ein normaler Hund | 
alle vier Gliedmassen. Auf glattem Boden gleitet er gelegentlich mit 
einem Hinterfusse aus. In seinem Kasten bleibt er, so lange der 
Deckel geschlossen ist, auf dem Boden sitzen. Oeceffnet man gerauschlos 
den Deckel, so steigt er, sich auf den Hinterfiissen aufrichtend, alsbald 
auf und legt seine Vorderpfoten auf den Rand des Kastens. Sehr 
haufig konnten wir beobachten, dass er ohne jede Stiitze fiir die 
Vorderpfoten, frei aufgerichtet auf den Hinterfiissen einherschreitet 
oder hopst. 

Entsprechend der grossen Ausdehnung des Hirndefekts zeigt dieses 
Thier die beschriebenen eigenthiimlichen Stérungen der Sinneswahr- 
nehmung. Seine Augen haben einen blédsinnigen Ausdruck. Sie 
fixiren nichts. Fahrt man ihm mit einem Finger gegen das Auge, 
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so zieht er den Kopf nicht zuriick. Bedroht man ihn mit der Peitsche 
oder Faust, so wedelt er ruhig mit dem Schwanze weiter und verrath 
keine Furcht. Wir hielten ihm einmal eine lebende, ihn wiithend 
anfauchende Katze vor. Er beleckte ihr ruhig das Gesicht, ohne irgend 
welche Aufregung zu zeigen. Halt man ihm eine brennende Kerze vor 
die Augen, so bleibt er ebenfalls vollig theilnahmlos. 

Dass dieser Hund aber keineswegs blind ist, ist leicht zu beweisen. 
Schon der Umstand, dass er nur dann in seinem Kasten emporsteigt, 
wenn der Deckel gehoben ist, beweist dass er sieht. Liasst man ihn 
frei im Zimmer herumlaufen, so vermeidet er im Wege stehende Hin- | 
dernisse. Ja manchmal weicht er auch einem. bloss eingebildeten 
Hinderniss aus. Dem Zufall danke ich folgende merkwiirdige Beo- 
bachtung: Gesunde Hunde lieben bekanntlich die Wirme und legen 


_ sich daher gern auf ein besonders warmes Platzchen. Ich wollte priifen, 


ob dieser Hund noch diesen Instinkt besitzt. Zu dem Zweck liess ich 
ihn auf einen Corridor, in welchen die Sonne durch ein Fenster hinein 
schien. Das Thier wanderte umher, legte sich aber nicht in die Sonne, 
sondern schien dem, von der Sonne hell beschienenen, Streif des Bodens 
sorgfaltig auszuweichen. Diese Erfahrung verwerthete ich zu folgen- 
dem Versuch. An die Riander eines breiten Streifens von weisser Lein- 
wand wurden zwei schwarze Streifen angeniiht und diese Art Flagge 
auf den Fussboden gelegt. Das Thier ging der weiss und schwarz 
gestreiften Flagge beim Umherwandern sichtlich aus dem Wege. Unser 
Hund zeigt aber in sehr ausgesprochener Weise die Erscheinungen der 
Wahrnehmungsschwiiche, die ich als Hirnsehschwiiche beschrieben habe. 

Unser Hund hort, aber er beantwortet Schalleindriicke in durchaus 


andrer Weise wie unversehrte Hunde. Schreit man ihn heftig an, 


knallt man mit der Peitsche, so bewegt er wohl den Kopf, aindert auch 
etwas das Tempo des Schweifwedelns, dussert aber keine Furcht, 
wihrend andere anwesende Hunde sich winselnd verkriechen. An dem 
Bellen anderer Hunde betheiligt er sich nie. 

Als dieses Thier noch keine Einbusse am Gehirn erlitten hatte, 
verschmiihte er Hundefieisch. Jetzt frisst dieser Hund Hundefleisch 
ohne Widerstreben. Auch gegen Tabaksqualm und Chloroformdampf 
zeigt er nicht die Abneigung wie ein gesunder Hund. 

Unser Hund hat Empfindung an allen Punkten seiner Haut. Wir 
hatten nicht néthig uns durch besondere Versuche tiber diese Thatsache 
zu unterrichten, da uns eine gelegentliche Erfahrung ganz sichern 
Aufschluss brachte. Wir hatten im Institute einen jungen kleinen, 
lebhaften, sehr zum Spielen aufgelegten Hund. So wie dieser zu 
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unserem blédsinnigen Hunde gelassen wurde, so stiirzte er sich auf 
ihn, um mit ihm zu spielen. Der kleine Frechling zauste ihn bald am 
Schwanz, zwickte ihn bei den Ohren und an den Fiissen, kurz mishan- 
delte den Blédsinnigen in jeder Weise, wie spielende Hunde zu thun 
pflegen. Unser Hund liess sich die Bisse des Kleinen gefallen, ging 
manchmal sogar selbst auf das Spielen ein. Wenn aber die spitzen 
Zahnchen des Kleinen zu tief emdrangen, so quiekte er laut vor 
Schmerz auf, wurde wiithend und biss nach dem Uebelthater, den er 
aber fast nie traf. War er dann einmal wiithend geworden, so wies 
er weitere Angriffe des Kleinen knurrend und Zahne fletschend ab. 
Durch diese Beobachtungen vergewisserten wir uns, dass man durch 
mechanische Mishandlung der Haut an jeder beliebigen K6rperstelle 
bei diesem Thiere Schmerzensiiusserungen und Handlungen der Abwehr 
hervorbringen kann, Ich habe ein, von Herrn Ewald construirtes, In- 
strument mitgebracht, mit Hiilfe dessen wir, ohne das Thier zu qualen, 
diese Thatsache constatiren konnen. 

Unser Hund ist lange nicht so tief blédsinnig, wie das Thier war, 
dessen mitgebrachtes Hirn nur 13 Gramm wiegt. Unser Hund ist 
freundlich zum Menschen, scheint namentlich mich auszuzeichnen, da 
ich ihm oft Leckerbissen bringe. Um andere Hunde bekiimmert er 
sich kaum und dussert nur Spuren von Geschlechtstrieb. Sperrt man 
ihn ein, so scheint er sich zu langweilen und winselt. Freigelassen 
giebt er durch gesteigertes Schwanzwedeln Zeichen von Vergniigen. 
Neid zeigt er nicht, sofern er sich von anderen Hunden gutwillig berau- 
ben lasst. Er hat einen merkwiirdigen Instinkt treu bewahrt. Hunde 
pflegen, wenn sie satt sind, den Rest ihrer Mahlzeit zu vergraben, und 
ihn spater auszuscharren und zu verzehren, wenn sie wieder Hunger 
haben, Unser Hund bedeckt mit Hiilfe der Schnauze und beider 
Vorderpfoten den Rest seiner Mahlzeit taglich mit Stroh. Am Nach- — 
mittag beseitigt er das Stroh und frisst die aufgehobene Mahlzeit 
vollends auf. 

Die bisherigen Schilderungen bieten Anhaltspunkte genug dar zu 
beweisen, dass dieses Thier fiir ein harmlos blédsinniges Geschépf erklart 
werden muss. Ich will noch einen Versuch anfiihren, der recht klar 
darthut, wie vollstandig dieser Hund das verloren hat, was wir Intel- 
ligenz nennen. Setzt man den Hund in einen Raum der von einem 
ganz niedrigen Zaun umgeben ist, so versteht er es nicht-iiber den 
Zaun hinwegzusteigen, obwohl der obere Rand der Verzéiunung ihm 
nur bis an die Brust reicht. In seinen Kasten gesetzt richtet. er sich 
an einer Schranke bequem empor, die weit hdher ist als die Verziiunung. 
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Warum steigt er nicht tiber die Verziunung, da er sich doch’ offenbar 
Mihe giebt herauszukommen? Warum findet er das einfache Mittel 
nicht, das er doch kennt, da er ja in seinem Kiafig sitzend dasselbe 
zu gebrauchen weiss. Nun das Thier ist eben zu dumm dazu. Er 
versteht es nicht in dem Masse wie gesunde Hunde frithere Erfahrungen 
einer neuen etwas abweichenden ungewohnten Lage gegeniiber so zu 
verwerthen, dass er sich aus der Verlegenheit ziehen kann. 

Die Autopsie des Gehirns wird ergeben, wie weit die Rinde bei 
diesem Thier zerstért ist. Es ist méglich, dass irgendwo ein Randstiick 
der sogenannten Sehsphiire auf einer oder auf beiden Seiten der Ver- 
nichtung entgangen ‘ist. Mit krampfhafter Anstrengung wiirden dann 
die Verfechter der Lokalisationshypothese die Sehfunktionen, die dieses 
Thier noch besitzt, den erhaltenen spiirlichen Resten der Sehsphiire 
zuschreiben wollen. Schwieriger ist es schon, wenn man auf dem 
Standpunkt der Lokalisationshypothesen verharren will deutlich zu 
machen, weshalb dieses Thier sich auch Gehérs- und Geruchseindriicken 
gegeniiber anders verhalt als ein normaler Hund, wahrend seine Hor- 


_sphiire und Riechsphiire gar nicht direkt angegriffen sind. 


Ganz unmédglich aber scheint es mir die thatsiachlichen Beobach- 
tungen an diesem Hunde in Einklang zu bringen mit allen den Lokali- 
sationshypothesen, die man itiber die sogenannte erregbare Zone aufge- 
stellt. hat; hitte Munk’s Lehre, der in die erregbare Zone seine soge- 
nannte Fiihlsphiire verlegt auch nur einen Schatten von Begriindung, so 
miisste dieser Hund auf grossen Strecken der Haut beider Kérper- 


halften gefiihllos sein. Er miisste das Gefiihl lediglich an den Hautre- 
gionen behalten haben, deren Fiihlsphiren nicht zerstért sind. Wir 


konnten uns aber tiberzeugen, dass dieses Thier iiberall Gefiihl hat, 
nicht blos an der Rumpfhaut, deren Fiithlsphiire er noch besitzt, sondern 
auch am Kopfe, an den Gliedmassen, und am Schwanze ; denn er wehrt 
sich durch Bisse gegen intensive Beleidigung dieser Korpertheile. 
Ebenso leicht ist es zu beweisen, dass dieser Hund im Simne von 
Hitzig Muskelbewusstsein hat, obwohl er die Centren des Muskelbe- | 
wusstseins verloren hat. Er ist keineswegs gleichgiiltig gegen die 
Lagerung seiner Pfoten, sondern bringt diese alsbald in die bequeme 


q Stellung, wenn man sie kiinstlich in abweichende Lage bringt. 


Was endlich die Verfechter der sogenannten psychomotorischen 
Centren anbelangt, so ist diesen gegentiber darauf hinzuweisen, dass 
dieser Hund, obwohl er beiderseits mindestens eine grosse Zahl jener 
Centren eingebiisst hat, doch alle seine Muskeln offenbar willkiirlich 


_ bewegen kann. Er fiihrt auch nicht blos die allgemeinen mehr maschi- 
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nenmassigen Ortsbewegungen des Gehens und Laufens aus. Wie wir 
sehen, ist er im Stande sich auf den Hinterfiissen aufzurichten. Er 
theilt Bisse aus, wenn er mit einem Hunde spielt. Er vergrabt 
Knochen. Er giebt durch Schwanzwedeln seine Freude zu erkennen. 
Er kratzt sich oft methodisch den Kopf und andere Kérpertheile. Wie 
ich noch anfiihren will, sucht er sich einer Kappe, die man ihm tiber 
den Kopf bindet um seine Augen zu verschliessen, durch Abstreifen 
mit beiden Vorderpfoten zu entledigen. Alle diese Handlungen wird 
man doch nicht als einfache Reflexbeweguugen bezeichnen wollen. 

_ Dass unser Hund aber wirklich einige motorische Stérungen hat, 
habe ich beschrieben. Seine Bewegungen sind plumper, als die ge- 
sunder Hunde. Er gleitet leicht aus, und benimmt sich ungeschickt 
bei gewissen Handlungen. So versteht er nicht, einen Knochen 
- gehérig mit den Pfoten festzuhalten. Diese von mir entdeckten 
Stérungen scheinen die einzigen zu sein, die regelmissig nach ausge- 
dehnter Verstiimmelung der Schleifenlappen zuriickblieben. 

So haben also die Erfahrungen, die wir an diesem Thier machen 
konnten, die Siitze bestiitigt, die ich schon friiher aufgestellt habe. _ 

(1) Die Rinde des Grosshirns ist das Organ der héheren Seelen- 
thiitigkeiten. Nach Wegnahme grosser Stiicke beider Hiilften des 
Grosshirns vermindert sich die Intelligenz. 

(2) Es ist nicht méglich durch Zerstérung irgend eines Abschnitts 
der Grosshirnrinde irgend einen Muskel zu lihmen. Das verstiimmelte 
Thier behalt den willkiirlichen Gebrauch aller Muskeln. 

(3) Es ist ebenso unmédglich, durch Zerstérung irgend eines Ab- 
schnitts der Grosshirnrinde irgend eine Sinnesthatigkeit dauernd auszu- 
léschen. Das Thier behilt alle Sinne. Nach Wegnahme grosser 
Stiicke der Hirnrinde tritt aber Wahrnehmungsschwiche ein. 

(4) Thiere mit zerstérten Scheitellappen haben dauernd plumpere 
Bewegungen und stumpfere Hautempfindung, als solche mit zerstérten 
Hinterlappen. Hunde mit zerstérten Hinterlappen sind in der Regel 
blédsinniger als Thiere, welche bloss die Scheitellappen eingebiisst 
haben. 

Dr Ferrier, London: after criticizing the theory put forward by 
Prof. Goltz and describing some of the results obtained by Prof. Gerald 
Yeo and himself on monkeys, proceeded as follows :— 

The next case I mention is one in which, perhaps, you will take 
greater interest, inasmuch as the subject of experiment is still alive, 
and will be presented to you for a verification of the phenomena which 
I describe. The animal in question had the motor zone destroyed in 
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right side, as in motor hemiplegia in man. This diminution of super- 
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its left hemisphere seven months ago. The area destroyed embraced, 
as nearly as we can judge, the ascending frontal, and bases of the three 
frontal convolutions, and also the ascending parietal. We are not quite 
sure if the whole of the postero-parietal or paracentral lobule was de- 
stroyed, as these parts could not be completely exposed to view con- 
veniently, But the result of this operation was complete motor hemi- 
plegia of the right side, the limbs being perfectly powerless, with the 
exception of feeble power of flexion of the right thigh. At first there 
was conjugate deviation of the eyes and head to the left side, lasting for 
a few days only. The facial paralysis of the right side, at first distinct, : 
ceased also to be perceptible after a fortnight. The limb gradually 
gained greater power of flexion and extension of the thigh and leg, 
but it is even now still very feeble, and the foot is lifted as a piece with 
the leg, and is only moved in connection with the left. The right fore- 
arm is generally kept flexed; though during emotion, and during vigor- 
ous action of the left, it is also brought into associated action more or 
less. Particularly is this seen as regards the hand. This is kept 
usually with the thumb bent over the palm, and the fingers tend to 
flex over the thumb. But if the left hand is strongly used, the right 
will also clench ; and if the animal scratches itself vigorously with the 
left, it sometimes does the same with the right, clawing the air, and 
continuing to do so occasionally after the left has ceased. As to any 
independent volitional action of the right arm and leg, we have not 
seen a single indication since the operation was made. The animal 
is in every other respect perfectly well; and as to its tactile sensibility 
there is not the slightest sign of impairment. It has exaggerated 
tendon reflexes, and somewhat diminished superficial reflexes on the 


ficial reflexes in motor hemiplegia is perfectly familiar to clinical ob- 
servers, but has been erroneously interpreted by some physiologists as 
an indication of defective sensibility. It exists with the most perfect 
tactile sensibility, as I have verified, and frequently demonstrated in 
clinical practice...... I might adduce many other similar facts, but 
these, I think, are sufficient to demonstrate that Professor Goltz’s | 
hypothesis is erroneous, and that such facts are explicable only on 
the theory of a distinct localization of faculties in definite cortical 
regions...... 

The brain will be exhibited before the Section subsequently, and 
awaiting the minute examination of the lesion after its removal from 
the animal, I do not hesitate to predict that it will be found that the 
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whole of the motor area has been destroyed, with the exception, possibly, 
of some portions of the postero-parietal lobule dnd the ascending con- 
volutions, which are ine difficult to reach owing to their position in 
the cranial cavity... 


[In the afternoon some members of the Section were invited to 
King’s College, where the following demonstrations took place.] 


_In showing his dog, Prof. Goltz said :— 

Meine Herren! Ich stelle Ihnen hier den Hund vor, welcher mit 
mir zusammen die Reise von Strassburg bis London zuriickgelegt hat. 
Das Thier hat, wie ich Ihnen in meinem Vortrage am Vormittage 
schilderte, den bei weitem gréssten Theil der Rindensubstanz beider 
Scheitellappen und beider Hinterhauptslappen eingebiisst. Von den fiinf 
Operationen, durch welche diese enorme Verstiimmelung des Grosshirns 
erzielt wurde, hat die letzte am 25. Mai dieses Jahres stattgefunden. 
Die Verunstaltung des Schiidels des Thieres ist sehr augenfallig. Fixire 
ich seinen Kopf, so kénnen Sie mit Leichtigkeit mehrere Finger ne- 
beneinander jederseits in die ungeheuren Knochenliicken eindriicken. _ 

Nachdem wir den Hund freigelassen haben, sehen Sie ihn fort- 
wahrend mit dem Schwanz wedelnd lebhaft hin und her wandern, wobei 
er Hindernissen sorgfiltig ausbiegt. Die Bewegungen der vier Glied- 
massen sind in der Regel durchaus normal. Manchmal aber gleitet 
das Thier aus und zwar hiufiger mit den Hinterpfoten als mit den 
Vorderpfoten. Mitunter stésst der Hund beim Gange mit der linken 
Korperseite an Gegenstiinde an. In den Bewegungen der Gliedmassen, 
des Kopfes, der Ohren, der Zunge und des Schwanzes liisst sich keine 
Spur einer Asymmetrie entdecken. 

Wir wollen nun die einzelnen Sinnesfunktionen bien und 
zusehen, wie weit sie Anomalien darbieten. 

Die Stellung der Augen des Hundes zeigt keine Abweichungen. 
Die Pupillen ziehen sich auf Lichtreiz gut zusammen. Wenn das Thier 
die Augen bewegt, so wirken die Muskeln beider Augipfel in gehoriger 
Weise zusammen. Sie werden aber bemerken, dass der Ausdruck der 
Augen des Thieres ein starrer, dummer ist. Ein intelligenter Hund 
fixirt mit seinem Blicke die Augen der ihn anschauenden Menschen. 
Unser Hund thut dieses nicht. | 

Dass der Hund sehen kann, aeht schon daraus hervor, dass er 
Hindernissen aus dem Wege geht. Gesichtseindriicke bringen aber 
bei ihm durchaus nicht die Wirkungen hervor, wie bei unversehrten 
Hunden, Ich bedrohe ihn jetzt mit der Faust, wihrend er freundlich 
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wedelnd auf mich zuschreitet. Sie sehen, dass er von der Bedrohung 
gar keine Notiz nimmt, sondern fortfahrt mit dem Schwanze zu wedeln. 
Ich ergreife nun diese Peitsche und bewege sie hin und her, als wenn 
ich das Thier damit schlagen wollte. Der Hund verrith auch jetzt 
durch keinerlei Regung, dass er Furcht beim Anblick der ihn bedro- 
henden Peitsche empfindet. Ebenso wenig scheint er eine brennende 
Kerze zu beachten. Wiihrend ein gesunder Hund ausreisst oder we- 
nigstens den Kopf wegwendet, wenn man seinem Auge eine Flamme 
nihert, bleibt unser Hund vollkommen gleichgiiltig und zwinkt nicht 
einmal mit den Lidern, wenn wir ihm die Kerzenflamme dicht an’s 
Auge fiihren. Sie sehen also, dass dieses Thier durch Gesichtsein- 
driicke zu keinerlei Bewegungen veranlasst wird, aus welchen wir auf 
Furcht, Entsetzen oder auf Interesse und Neugier schliessen kénnten. 
Dieser Hund bleibt Gesichtseindriicken gegeniiber theilnahmslos und 
leidenschaftslos. 

In meinem Vortrage am Vormittage habe ich Ihnen erzihlt, dass — 
dieser Hund gelegentlich auch eingebildeten Hindernissen aus dem 
Wege geht. Ich beobachtete dass er beim Umherwandern einen grell 
von der Sonne beleuchteten Fleck des Bodens sorgfiltig mied. An- 
geregt durch diese Erfahrung, habe ich folgendes Experiment mit ihm 
angestellt. Ich habe eine Art Flagge nihen lassen, bestehend aus 
einem grell weissen, breiten Leinwandstreifen, der von zwei schwarzen — 
Streifen éingesiiumt ist. Legt man diese Flagge auf den Boden, so 
vermeidet der Hund es, den weissen Streifen zu betreten. Ich habe 
die Flagge mitgebracht und will es wagen, wach hier den Versuch 
anzustellen. 

(Der Vortragende breitet das Flaggentuch auf dem Boden des 
Saales aus. Der umherwandernde Hund geht minutenlang um die 
Flagge herum. Sowie das Flaggentuch entfernt wird, betritt das 
Thier alsbald wieder den Theil des Fussbodens, den es vorher gemie- 
den hatte.) 

Dass das Handeln dieses Hundes durch die Gesichtseindriicke be- 
stimmt wird, die er empfingt, wird ferner tiberzeugend dadurch be- 
wiesen, dass sein ganzes Gebihren sich indert, sowie man ihm die 
Augen kiinstlich verschliesst. Ich habe hier eine Kappe mitgebracht 
die ich ihm tiber den Kopf ziehen werde. Es kann jetzt kein Licht- 
strahl in seine Augen gelangen. Sie sehen, wie das Thier, welches 
zuvor allen Hindernissen ausbog, jetzt wiederholt mit dem Kopfe derb 
anstésst. Sie beobachten wie er bestrebt ist, sich die Kappe mit 
Benutzung beider Vorderpfoten vom Kopfe abzustreifen. Wir wollen 
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ihn jetzt von der Kappe befreien und wir sehen, dass er seine 
Wanderungen wieder in alter Weise fortsetzt. 

Unser Hund ist ebenso wenig taub als blind. Er antwortet aber 
auf Schalleindriicke in’ anderer Weise wie ein unversehrtes Thier. Er 
steht jetzt gerade dicht vor mir. Ich schreie ihn heftig an: “ Marsch ! 
Pack Dich! Fort mit Dir!” Er fliichtet sich nicht, verrith durch keine 
Bewegung Furcht. Ebenso wenig lisst er sich durch den Knall einer 
Peitsche einschiichtern. 

(Der Vortragende knallt heftig mit einer Peitsche.) 

‘Sie sehen, dass das Thier fortfahrt, mit dem Schwanze freundlich 
zu wedeln. Dass der Hund aber den heftigen Schall an sich gehért 
hat, konnten Sie daran wahrnehmen, dass er unmittelbar nach dem 
Knall eine Bewegung mit dem Kopfe machte, die man etwa als Zeichen 
der Verwunderung gelten lassen kénnte. Der Hund befindet sich au- 
genblicklich in ziemlicher Entfernung von mir. Ich werde den Versuch 
machen, ihn zu mir heranzurufen. Sie sehen, dass er meinen Zuruf 
gehort hat; denn er stutzte zunachst und hilt jetzt eine lebhaftere 
_ Gangart ein, aber das Thier versteht es nicht, die zweckmiissige Rich- 
tung zu mir zu finden, sondern irrt planlos herum. 

Dieses Thier besitzt noch Geruchsvermégen. Bei Begegnung mit 
anderen Hunden zeigt es noch Geschlechtstrieb. Es weiss hingewor- 
fene Fleischstiicke durch Schnuppen aufzufinden. Man kann sich aber 
iiberzeugen, dass dieser Hund auch auf Geruchseindriicke nicht so 
fein reagirt wie ein unversehrter Hund. Er beleckt die dargereichte 
menschliche Hand, beleckte aber auch in &hnlicher Weise das Gesicht 
eines lebendigen Katers, der ihm vorgehalten wurde. Cigarrenrauch, 
welcher gesunden Hunden sehr unangenehm ist, lisst ihn ziemlich 
gleichgiiltig. 

(Einer der anwesenden aes ziindet sich eine Cigarre an und 
blast den Rauch dem Hunde gegen die Nase. Der Hund fliichtet 
sich nicht und wendet den Kopf erst dann, als ihm sehr dichter Qualm 
zugeblasen wird.) 

Die Hautempfindung scheint bei diesem Thier iiberall etwas abge- 
stumpft zu sein; aber es kann nicht dem geringsten Zweifel unter- 
liegen, dass dieser Hund an allen Punkten der tiusseren Haut und der 
Schleimhiiute Empfindung besitzt. Er beantwortet jede heftigere 
Beleidigung der aéiusseren Haut mit Zeichen des Unwillens. Es scheint 
mir fast iiberfliissig, dies durch einen Versuch zu erliutern; doch will 
ich einen solchen anstellen, um zugleich die Anwendung dieses kleinen 
Instrumentes zu zeigen, welches Herr Ewald konstruirt hat. Dieses 
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Aesthesiometer gestattet es, einen Kérpertheil, z. B. eine Pfote, einem 
steigenden Druck zu unterwerfen. Das Instrument enthalt zugleich 
eine Vorrichtung, durch welche es méglich ist, den Druck sofort aufzu- 
heben. Bei der Benutzung steigert man den Druck so lange, bis das 
Thier eine deutliche Empfindungsiusserung macht und entfernt dann 
sofort mit emem Handgriff das quetschende Werkzeug. Wir bringen 
jetzt zur Probe die linke Hinterpfote des Hundes in den Apparat. Bei 
-mnaissiger Anziehung der Schraube, durch welche die Drucksteigerung 
vermittelt wird, quiekt das Thier und sucht sich loszumachen. Wir 
befreien es augenblicklich. 

Sie werden aus dem Mitgetheilten gleich mir die Ueberzeugung 
gewonnen haben, dass man diesen Hund als einen harmlos blédsinnigen 
bezeichnen muss. Er ist noch im Besitz aller Sinne, aber er versteht es 
nicht, die Sinneseindriicke in so zweckmiissiger Weise zu verwerthen 
wie ein unversehrtes Thier. Er ist deshalb auch nicht im Stande, 
irgend welche Proben von Ueberlegung zu geben. Der kleinsten Ver- 
legenheit ist er nicht gewachsen. Dies will ich Ihnen durch einen sehr 
einfachen Versuch darthun. Wir haben hier eine kleine Umziunung 
aufgestellt, deren Hohe so gering ist, dass sie unserem Hunde bloss 
bis an die Brust reicht. Wir setzen jetzt den Hund in die Umzéunung 
hinein und versuchen es, ihn durch Lockrufe zum Heraussteigen zu 
bewegen, Sie sehen, wie das Thier rathlos innerhalb des Pferches auf- 
und niedergeht, iiberall mit der Brust anstésst, sich mit dem Kopfe 
hiniiberbeugt, aber durchaus nicht zu dem Entschluss kommt, iiber 
den ganz niedrigen Zaun hiniiberzusteigen. Sie konnten nun vielleicht 
glauben, das Thier sei tiberhaupt nicht im Stande, sich auf den Hinter- 
fiissen aufzurichten. Dies ist indess durchaus irrig, wie ich sofort 
beweisen will. Ich setze den Hund jetzt in diesen tiefen Kasten, in 
welchem er den Transport nach London durchgemacht hat. Sowie ich 
den Deckel des Kastens geriiuschlos abgehoben haben werde, wird der 
Hund sofort zum Vorschein kommen, indem er sich auf den -Hinter- 
fiissen erheben, und die Vorderpfoten auf den Rand der Kastenwand 
setzen wird. 

(Der Vortragende dffnet den Kasten, und der Hund zeigt sich au- 
genblicklich.) 

Die Wand dieses Kastens ist mehr als doppelt so hoch wie die 
Umziunung, bewiesen zu haben, dass dieser Hund keinerlei Lihm- 
ungen zeigt. Seine Bewegungen sind etwas plump und ungeschickt ; 
aber die mannigfachsten Bewegungen werden von ihm ausgefiihrt. Der 
- Hund wiirde also mit Leichtigkeit aus dem Pferch herauskommen, 
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wenn er dieselbe Muskelanstrengung innerhalb des Pferches ausfiihren 
wollte, die ihm innerhalb des Kastens geliufig ist. Kein Muskel ist 
der willkiirlichen Benutzung entzogen. Er muss eben blodsinnig ge- 
nannt werden weil er es nicht versteht, ein in seiner Macht liegendes, 
so einfaches Hilfsmittel, anzuwenden, um sich aus einer Verlegenheit 
zu befreien. 

Indem ich hiermit, meine Herren, diese Demonstration. schliesse, 
hoffe ich, dass Sie sich ferner iiberzeugt haben, dass keine Sinnes- 
funktion dieses Thieres erloschen ist. Es kann sehen, héren, riechen, 
fiihlen. . Der Hund zeigt aber in seinem Verhalten den Sinnesein- 
driicken gegeniiber héchst merkwiirdige Abweichungen. Seine Hand- 
lungen sind so unzweckmiissig, ja zum Theil sinnwidrig, dass man ihm 
die Fahigkeit der Ueberlegung absprechen und ihn fiir blédsinnig 
erkliren muss, 

Der Hund wird in den nichsten Tagen durch Chloroform getédtet 
werden und Sie werden sich dann durch den Augenschein von der 
ungeheuren Ausdehnung der Verletzung iiberzeugen kénnen. 

Prof. FERRIER, London, then called attention to the condition of 
the monkey which he had alluded to in his remarks at the morning 
meeting; the motor area of the left hemisphere had been extensively 
destroyed seven months previously. The animal was in every other 
respect normal, except as to the: movements of the right arm and leg. 
The condition of these was recognized as bearing the closest resemblance 


to hemiplegia of some duration in man—M. Charcot remarking, “It is a 


patient!” The movements of the leg were seen to be greatly impaired, 
and the arm quite powerless, being maintained flexed at the elbow, the 
thumb bent on the palm, and the fingers semi-flexed. The animal took 
pieces of food offered it with its left hand, and neither in its struggles to 
get free, nor on any occasion whatever, did it show any volitional action 
with the right hand or arm. ..... 

Prof. GERALD YEO, London:..... The first point that strikes me is 
that these very remarkable negative results obtained by my friend, 
Professor Goltz, in the case of dogs, cannot be said to be an adequate 
argument against the positive results arrived at in our experiments 
upon monkeys; while, on the other hand, our positive results seem to 
curtail in an absolute manner the very extensive generalizations Prof. 
Goltz wishes to draw from his experiments. 

First, let us consider the condition of this remarkable dog. 

Is he really deficient in intellectual power, and does he conte no aque 
_of persistent local incapacity ? : | 


+ 
3 
- 
— 


DISCUSSION AT CONGRESS. 243 


It is said that, though his sight be perfect, he is unable to reason — 
concerning his visual impressions, because he can make his way about, 
but avoids a patch of black on the floor, as if it were a solid object, 
and is unmoved by threats of the fist or whip. He sniffs about as if 
he could smell perfectly, but yet he is said to have eaten substances 
that no intelligent dog would eat. He can hear, but will not respond 
to a whistle or call as an ordinary intelligent dog. He moves about 
in an eccentric and silly manner, and, though he is said to have per- 
fect. power over the movements of his muscles, he will not leave the — 
box in which he has been confined, nor will he jump out of a shallow 
frame. 

Now, while recognizing all these remarkable facts, so ably demon- _ 
strated by my friend Professor Goltz, I must say I think them capable — 
of a very different interpretation. 

I remark that, as he runs about, the dog frequently has to halt 
suddenly before an object, as if he had only just seen it; and, further, 
he often strikes the right side of his head, as if he could not see so well 
on that side, From this I am inclined to believe that his field of 
vision is in some way restricted, or his sight deficient. This fact would 
also sufficiently well explain his avoiding the black patch on the floor. 
His want of fear of the whip or the threats of his master’s fist shaken 
before his face may depend simply upon the fact that he is quite 
familiar with the manoeuvres, and experience has taught him that they 
are not followed by any unpleasant consequences. That he can reason — 
accurately concerning his imperfect visual impressions, I think, is clearly 
shown by the manner in which he recognizes his friends by sight. If 
he ate dog’s flesh he certainly must have had impaired senses of taste 
and smell: now, however, he sniffs about in a most systematic manner, 
and since he arrived in London he certainly has shown a considerable - 
degree of discrimination about his food, and in three or four days has 
learned to recognize the person who gives him his meals. _ 

~ As to his getting out of the box, I must confess I can’t recognize 
any want of desire to get out, or want of intellect on that point: in 
fact, he seems extremely anxious to jump out and looks appealingly 
for help, as if unable to accomplish the leap himself, and as if he were 
at the same time confident from experience that timely help would 
come. That he does not leave the frame I believe to be simply a 
matter of education: not that he has ever been systematically taught 
to remain there, but he recognizes an unconsciously expressed: wish 
on the part of his master that he should remain; and, after repeated 
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_ demonstrations, he has acquired this habit, so he seldom thinks of 
moving when placed in the frame. : 

Does he show any signs of ordinary intelligence? Certainly there 
is no lack of spontaneous voluntary movements. He constantly runs 
about with joyous carelessness, like a dog who had been confined for 
some time. He shows distinct signs of appreciating pleasure and pain, 
and likes to be caressed and petted, just as any other dog, and, except 
in appearance and gait, shows no want of intellectual power. He 
doubtless has a silly look, which is much contributed to by the short- 
ness of the hair on his head when compared with the rest of his body, 
and by the fact that his sense of sight is impaired. His gait is unnatural 
and awkward, not from want of intellectual power, but, as I believe, 
because he has distinct loss of power over his hind legs. The individual 
muscles may be quite strong, he may be able to stand perfectly, and the 
less complex acts of co-ordination may be skilfully executed ; but, when 
called upon to perform some sudden or considerable movement requiring _ 
complex co-ordination and extensive efforts, the general voluntary co- 
operation necessary is quite wanting. This is seen in his attempts to 
turn suddenly, to run quickly, or to spring, when his hind legs slip about 
in a weak meaningless manner, and practically come from under him. 
In fact, he may be said to have paresis, best seen in his hind limbs; or, 
in other words, he behaves like a dog with part of his so-called motor 
centres removed. The paresis is, no doubt, wonderfully slight for an 
animal who has had all these centres destroyed, and his considerable 
motive power is to me most strange. Besides expressing how much 
I have learned from my learned friend Professor Goltz, I candidly admit 
that, should the entire of the so-called motor centres prove to be 
destroyed in this case, he has succeeded in completely changing my 
_ views on the question of cerebral localization. 

The general behaviour of the dog, together with the difficulties 
I have experienced in exposing and completely removing certain parts 
of the cerebral cortex of other animals, makes me rather sceptical as 
to the exact extent of the lesion. One often thinks one has destroyed 
much more than really turns out to be the case at the autopsy. It may 
seem extremely bold on my part, but I cannot refrain from expressing 
my conviction that much of this dog’s cerebral cortex will be found 
intact. Professor Goltz admits that all the anterior lobes and the ex- 
tremities of the occipital lobes have not been removed. This latter 
omission would quite explain his vision, such as it is. I feel sure that 
much grey matter is also left untouched in the immediate neighbourhood 
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of the longitudinal fissure and on the lateral aspects of the hemispheres. 
In short, I regard the animal as intensely interesting, as showing how 
great a portion of many centres can be taken away without the com- 
plete annihilation of any of their functions, and further as demon- 
strating how very extensively such an animal may be deprived of his _ 
income of impressions without becoming a perfect idiot by deprivation. 

Now let us criticise the monkeys. We have seen only two of many 
that have been operated upon by the same method and with the same 
localization of result. Those who have experience of the aseptic method 
of operation will excuse my presumption in saying that I think absolute 
localization of the cortical lesion has not been arrived at with at all 
the same exactness in any set of experiments undertaken without its 
aid. In these’ cases there is no sign of any local or constitutional dis- 
turbance. The wounds heal in ten days, the scalp adhering to the 
injured brain surface and the membranes in the immediate neighbour- 
hood remaining to all appearances perfectly normal. 

The animal you saw had nearly complete hemiplegia for a con- 
siderable time after the operation, which consisted in an extensive but 
carefully localized lesion. The paralysis of the leg has in a great 
measure gone, but even now after seven and a half months he is dis- 
tinctly lame in that leg, and is quite unable to grasp with his hand, 
the arm being held in the position of a paralyzed limb...... 

Having seen these’ animals, I feel sure Prof. Goltz will modify his 
opinion as to the “utter folly” of the view that special parts of the 
brain are peculiarly associated with certain functional departments, and, 
though I am far from endorsing the edicts of Munk, or accepting, with- 
out reservation, the views of Ferrier, I venture to hope that our friend 
from Strassburg will no longer think that the observations which de- 
scribe any persistent functional disturbance, as the result of a local 
lesion of the brain-cortex, are einfach falsch...... 


After the demonstration the animals were killed; the brain of the 
dog was removed by Dr Ewald, the brain of the monkey by Mr Langley 
in the presence of Prof. Goltz, Prof. Ferrier, Prof. Yeo, Prof. Purser, 
Dr Klein, Dr Gaskell. Both brains were placed in a 2’p.c. solution of 
ammonium bichromate. 

On the following day at the meeting of the Physiological Section 


1 Several experiments on Monkeys were referred to, and two Monkeys were exhibited by — 
Professor Ferrier and Yeo; cp. Trans, International Med. Assoc. 1881, Vol. I. 
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Prof. Goutz called attention to the small weight of the dog’s brain when 
compared with that of a healthy dog, indicating the considerable 
loss of substance resulting from the five operations the animal had 
undergone. The frontal lobes on each side are intact. On the right 
side the injury extends from the frontal lobe to the posterior edge of 
the posterior lobe, a thin band along the margin of the longitudinal 
fissure alone remaining perfect. On the left side the injury is not quite 
so extensive. The motor and visual centres are destroyed on the right 
side, but part of the so-called motor areas remain on the left. Not- 
withstanding this anatomical difference on the two sides the animal 
showed no asymmetrical deficiency during life, and “iiberhaupt keinerlei 
Lahmung darbot.” 

Prof. FERRIER pointed out how accurately localized the lesion of 
the monkey’s brain was, and how extensively the motor area on the 
left side had been removed, the posterior angle of the postero-parietal 
lobule and the lower extremity of the ascending convolutions alone 
having escaped. 

The PRESIDENT said that he thought a hurried and superficial ex- 
‘amination of the animal’s brains by the entire Section would be of very 
little value. Considermg the very great importance of determining the 
extent of the lesions in attempting to come to a conclusion upon the some- 
what conflicting results which had been brought before the Section, the 
Council thought it would be very valuable to obtain some exact know- 
ledge of the amount of grey matter destroyed in each case. With this 
object they proposed to place the specimens in the hands of a skilled 
Committee, formed of independent members of the Section, and to ask 
them to report on the matter as soon as possible. 

He had already learned that the gentlemen to whom the animals | 
belonged most cordially agreed to this arrangement, and he therefore 
proposed that a Committee be appointed to whom the brains be en- 
trusted at once. To-day every facility will be given to any member 
of the Section anxious to look at the brains, after which the Committee 
will have charge of the specimens. 

The Council have nominated the following gentlemen to act on the 
Committee :—Dr Gowers, Dr KLEIN, Prof. E. A. ——! Mr J. N. 
LANGLEY. 
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Fig. A is a drawing of the skull of the dog operated on by Prof. 
Goltz, it shows the area of bone removed during the operations. 


Since the descriptions which we have at present of the brain of the 
dog are in many points imperfect and are scattered over a considerable 
number of Papers, it seemed desirable, in order to facilitate a judgement 
as to the extent of the lesion in the brain of the dog operated on by Prof. 
Goltz, that these descriptions should be collated and that a connected 
account should be given of the ordinary structure of the brain of the dog 


and of the variations which occur in it. This has been done by Mr Langley. 
PH, IV, 19 
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THE STRUCTURE OF THE DOG’S BRAIN. By J. N. LANG- 
LEY, M.A., F.RS. Fellow of Trinity College, Cambridge. (Plates 
VII. and VIII.) 


TuHIs account I divide for convenience into three parts. 

(1) A description of the fissures and convolutions. (2) An account 
of the literature relating to the fissures and convolutions. (8) A brief 
description of a series of transverse sections through the brain. 


The Fissures and Convolutions of the Dog’s Brain. 


Attempts have been made with various degrees of success to find 
what parts of the brain of the dog and of man are homologous, and many 
of the names already used for the brain of man have been applied to the 
supposed homologous parts in the dog. Generally speaking I shall not 
use these names since different observers are not agreed about them and 
since no observer has been able thus to map out the posterior part of 
the cortex of the dog. I prefer to use as a rule indifferent descriptive 
names since these can be easily thrown aside when a more satisfactory 
basis of nomenclature has been obtained. | 

The fissures of the dog’s brain have been excellently described by 
Krueg(t9)! and by Pansch(18); Krueg uses in most cases the names 
given by Owen(4), with some exceptions I adopt this revised nomen- 
clature’*. 

It is only after much hesitation that I have given names to the 

‘various parts of the main convolutions described by Leuret and 
Gratiolet(), since several of these parts can be distinguished from one 
another in a few dogs only ; in others their boundaries are doubtful and 
may seem hopelessly obscured. Nevertheless this sub-division seems to 
me for several reasons worth attempting. In a certain number of brains 
the corresponding convolutions can be divided into corresponding parts, 
and I am inclined to think that after fuller investigation the corre- 
sponding parts in all dogs’ brains may be determined. Further whatever 


1 These and similarly placed figures refer to the List of Papers on p. 276. 
* The sources of the names which I have adopted will be found in the account of the 
Literature of the subject pp. 265—276. 
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difficulty there is in determining the corresponding parts of a main 
convolution in different dogs exists also to nearly the same extent in 
determining the limits of the main convolutions under similar cir- 
cumstances, so that even if we confine ourselves to dividing the cor- 
tex into first, second, third and fourth convolutions, we cannot always be 
certain to which of these a particular portion of the cortex belongs any 
more than if we sub-divide each main convolution we can always be 
certain about the limits of each sub-division. Lastly some such sub- 
division seems worth attempting since the different parts of any one main 
convolution are said by those who uphold the localization theory to have 
different functions. 

The division of the cortex depends upon its fissures, consequently 
the value of the division depends on the assumption that corresponding 
fissures always occur along corresponding lines of the cortex. Unfortu- 
nately we know very little about the cause of the formation of fissures ; 
they might be produced by two causes working independently or to- 
gether; (1) by unequal growth of the portions of the cortex, (2) by 
unequal resistance to the growth of the cortex in different directions. 
In all dogs there are certain primary fissures which make their appear- 
ance during foetal life ; if these primary fissures vary in position according 
as resistance to growth in different directions varies, then it is clear that 
in one brain a portion of the cortex may form part of say the superior 
convolution, and in another brain the corresponding portion may form 
part of the median convolution ; and a division of the cortex into areas 
according to the fissures can have very little value. 

But whatever be the original cause of these primary fissures there 
can I think be little doubt that they are now inherited in dogs, and 
consequently run along corresponding lines of the cortex and are un- 
influenced by pressure’. Now the convolutions marked out by these 
primary fissures vary in relative size in different animals and often vary 
also in the halves of the brain of any one animal; from this it follows 
_ that the primary convolutions have unequal relative growths in different 
dogs, and in the two halves of the brain of any one dog. 

Further if this is the case, we have every reason also to believe that 
the different parts of any one convolution may also vary in extent of 
development in different dogs; and from this cause alone quite inde- 
pendently of any variations in resistance to growth in different directions 

1“Amongst the various facts which show this may be mentioned the difference which 


exists between the histological structure of the cortex at the summit of a convolution and 
at the bottom of the limiting primary fissure of the convolution. : 
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we must of necessity have considerable variations jn the brains of different 
dogs. In a brain it not infrequently happens that a fissure which on 
ene side runs unbroken, is on the other side divided into two parts, ie. 
a portion of the cortex which on one side is at the bottom of a fissure 
has on the other side risen to the level of the neighbouring convolutions. 
‘It seems more likely that this is caused by unequal growth than by 
unequal resistance to growth in different directions. 

But if unequal growth of the various parts of the cortex, which 
without doubt takes place, might give rise to the apparent variations 
which occur in the position of the fissures, is there any necessity for 
supposing that variations in pressure can at all influence the real 
position of the fissures? The cortex between the fissures will no doubt 
take various forms according to the pressure in different directions, but 
will not the cortex at the bottom of any one fissure arise in all cases from 
corresponding cells? There are however some facts which tell rather in 
favour of pressure affecting the position of the fissures; in curved con- 
volutions the minor fissures are usually found where the bend is sharpest; 
still it is possible that this may be due to unequal growth. Further in 
Goltz’ dog it seems probable that the traction of the scar has been 
sufficient to render one fissure deeper and to ‘efface another. The 
question can only be settled by observations on development. 

But if the real position of the fissures can be altered to any 
considerable extent by variations of pressure, then all details with 
regard to the fissures and convolutions seem to me to form merely an 
uninteresting collection of unimportant facts; if on the other hand the 
fissures are determined by the relative rates of growth of the surrounding 
parts of the cortex, then such details are most valuable, affording a basis 
for comparing the development of the different portions of the cortex 
in different animals. At the same time a great.deal remains to be done 
before the brains of different dogs can be at all accurately divided into 
corresponding areas; for it is clear that some variation in the real posi- 
tion of the fissures es might still take place’. 


1 In any case the tha anion Win 
impossible to say to which of the boundary convolutions the cortex at the bottom of the 
fissure belongs, if indeed it does belong to one more than to the other; this can only be done 
when we find a difference in histological structure. But what I wish to point out is that if 
the apparently corresponding fissures do not run along corresponding lines of the cortex, 
experiments made on the functions of the parts of the cortex in one dog afford very 
inadequate data for mapping out the cortex of the brains of other dogs, and sunesus eed | 
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_ To simplify our knowledge of the fissures and convolutions of the 
_ dog’s brain it is very much to be desired that an examination of the 
brains of pure breeds of dogs and of the brains of their crosses should be 
made ; the differences in the two sides of the brain (cf. Fig. 6, Pl. VIL), 
in the mongrels ordinarily obtainable in the laboratory may well arise 
from different brain-forms inherited from different breeds. 

I shall take as a basis for description a regular form of brain which 
occurs not infrequently in dogs. With some variations it was present in 
all of the half-dozen terriers that I have examined. This form is repre- 
sented semi-diagrammatically in the text by three wood-cuts (Figs. 1,2 
and 3). In these figures the fissures which are represented in all dogs 
yet examined are marked with thick lines, those fissures which are 
commonly represented, though often shallow are marked by thin lines, 
those which occur less frequently, often only as mere depressions are 
marked with dotted lines. There are a few remaining rare fissures not 
given in these figures, they are mentioned in the text with the diver- 
gencies from the regular form of cortex which have been described or 
_ which I have myself observed ; the figures to illustrate these divergen- 
cies and the rare fissures are given in the plates at the end of this paper. 
In all the figures the lettering of the convolutions is in capitals, that of 
the fissures in small italics, that of oer parts of the brain is in small 
roman type. 


If we view the brain of the dog from the side (Fig. 1) we see in the - 
anterior and ventral region the olfactory lobe (OL), passing backwards 
into the uncinate lobe (u). “A part only of each of these lobes is seen 
from this point of view (cf. p. 263 and Fig. 20, Pl. VIII). 

In the posterior part of the olfactory lobe is a fissure running in an 
antero-posterior direction, the intra-olfactory fissure (1. ol) it is usually 
very shallow and is often absent. 

The fissure above the olfactory lobe and its continuation to the apex 
of the uncinate lobe is the rhinal fissure (rh) the continuation of this 
fissure backwards above the rest of the uncinate lobe is the post-rhinal 
fissure (5)* (p, rh) (cf. Fig. 20, Pl. VIIL). The post-rhinal fissure although 
always present is shallow (cf. Fig. 5, Pl. VII.). Above the anterior part 
of the rhinal fissure is a wedge-shaped convolution appearing to curve 
round from the median anterior surface of the brain, this is the orbital 
lobe (oR). In the orbital lobe is a fissure running in an antero-posterior 


_. .. 1 This and similarly placed numbers refer to the list of Papers on p. 276. 
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direction, the intra-orbital fissure (%. or); it varies very considerably in 
development in different dogs and is often absent. | 
Anteriorly the rhinal fissure runs into the space between the olfactory 
tract (OL. T) and the cortex of the brain, when the olfactory tract 1s cut 
away a fissure is seen in the surface exposed, this is the olfactory fissure 
(ol) of Krueg(%) the ecto-rhinal fissure of Wilder(?) (cf. Plate VITI. 
figs. I. and IT). 


Fic. 1. Fissures. a. e, sy., anterior ecto-sylvian; a. s. sy., anterior supra-sylvian ; an., 
ansate; an.,,ansate minor; cor., coronal; cr., crucial; e. l., ecto-lateral; en. 1., 
ento-lateral ; i. ol., inter-olfactory ; i. or., inter-orbital ; 1., lateral; ol., olfactory ; p. 
cr., post-crucial; p. ¢. sy., posterior ecto-sylvian; p. l., post-lateral; p. rh., post- 
rhinal ; pr., prorean; pr. cr., pre-crucial; p. s. sy., posterior supra-sylvian; rh., rhinal ; 
8. or., Supra-orbital ; sy., sylvian. Convolutions. a. c., anterior composite; A. E. sY., 
anterior ecto-sylvian ; a. sy., anterior sylvian; a. s. G., anterior limb of sigmoid gyrus; 
cor., coronal; E. L., ecto-lateral ; EN. L., ento-lateral ; m. x. sy., median ecto-sylvian ; 
OL., Olfactory lobe ; on., orbital lobe ; ou. 1., olfactory tract; P. c., posterior composite ; 
P. E. 8¥., posterior ecto-sylvian; PR. prorean; P. 8. s¥., posterior supra-sylvian; P. 8. G., 
posterior limb of sigmoid gyrus; P. sp., post-splenial; Pp. sy., posterior sylvian ; 8. PR., 
sub-prorean ; 8. sP., supra-splenial ; v., uncinate. 


Bounding the orbital lobe dorsally and posteriorly is the swpra- 
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orbital fissure (s. or)’, posteriorly this fissure joins in nearly all cases the 
posterior part of the rhinal fissure, near the point of junction it becomes 
less deep (cf. Fig. 5, Pl. VIL). Pansch(!) figures a brain in which 
these fissures were not connected (copied in Fig. 8, Pl. VIL). 

Medially of the orbital lobe is the prorean fissure (pr) this usually 
runs downwards and forwards parallel to the inter-hemispheral fissure, it 
is not infrequently joined with the supra-orbital (cf. Fig. 2, Pl. VIL); 
when isolated it is often a mere triangular depression ; it may be absent. 
The convolution medially of this fissure we may call the prorean convo- 
lution (PR). 
The Sylvian fissure (sy) rans upwards and backwards from roughly 
speaking the point of junction of the rhinal and post-rhinal fissures at 
the apex of the lateral surface of the uncinate lobe. It may have one 
to three small branches at or near its apex, some variations of the 
Sylvian fissure and some points with regard to its relation with the 
- rhinal and post-rhinal fissures will be considered later (p. 268). 

Around the Sylvian fissure is the first or Sylvian convolution which 
may be considered as consisting of an anterior Sylvian (A. sy) and 
a posterior Sylvian convolution (P. sY). 

The Sylvian convolution is bounded by the ecto-sylvian fissure 
which consists of the united anterior ecto-sylvian (a. e. sy) and posterior 
ecto-sylvian (p. e. sy) fissures. In the regular form of brain a short 
process runs from each sharp bend of the ecto-sylvian fissure into the 
convolution above (cf. Fig. 1). 

The convolution above, i.e. dorsally of the ecto-sylvian fissure is the 
second or inferior convolution, it may be divided into an anterior ecto- 
sylvian (A. E. SY), a median ecto-sylvian (M. E. SY) and a posterior ecto- 
sylvian (P. E. SY) convolution. 

This regular form of the first and second convolution is frequently 
departed from. The junction of the anterior and posterior ecto-sylvian 
fissures is sometimes absent; Krueg found it to be absent in 8 out of 
57 hemispheres examined by him. This absence of union is shown in 
Fig. 8, Pl. VII. copied from Pansch(1§) ; in this figure it is seen also that 
there are three dorsal processes from the anterior ecto-sylvian and one 
from the posterior, there may similarly be more than two processes when 
the fissures are united. Wilder(?) considers the ecto-sylvian fissure to — 
consist of three fissures united, an anterior, a posterior and a median, 


2 The presylvian fissure of Owen and others. The term supra-orbital was I think first 
used by Flower (Anat. of Proteles cristatus, Proc. Zool. Soc. p. 479. 1869). 
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the median however does not as far as is known occur isolated. The 
posterior ecto-sylvian varies more than the anterior, it is often short and 
is sometimes connected by a depression (cf. Fig. 17, Pl. VIII), or by a 
fissure with the Sylvian fissure. In two cases only have I seen it run on 
as a deep fissure (6 to 7 mm.) into the Sylvian. It is according to 
Krueg always present but Wilder(?) figures a hemisphere (Fig. 9, Pl. 
VIL.) in which its presence is not very certain, probably however this 
is a special case of a short posterior ecto-sylvian running into the 
Sylvian fissure near its summit; one such case I have met with. In the — 
brain»ef one dog figured here (Figs. 2 and 3, Pl. VII.) the posterior 
ecto-syhi fissure seems to me to be absent on both sides, since the 
shallow ve fissure which might perchance represent it in this brain 
is not infrequégtly present in brains which have an obvious posterior 

ecto-sylvian fissure. I have said that the Sylvian fissure has sometimes 
_ two or more processes running into the inferior convolution, perhaps the 
unusually long Sylvian fissure represented in Fig. 2, Pl. VIL. is a special . 
case of this. In one case I have seen the Sylvian join the anterior ecto- 
sylvian fissure (Fig. 3, Pl. VIL), here at the point of junction the fissure 
was five millimetres deep. In one case further I have seen the anterior 
ecto-sylvian join the short dorsally directed fissure which not infrequently 
runs from the supra-orbital (cf. Fig. 5, Pl. 1.), so that the ecto-sylvian 
and supra-orbital. fissures were connected; the fissure at the junction 
was however only 2 to 3 millimetres deep. In brains which vary much 
from the regular form, there are commonly several shallow fissures or 
depressions running across the first and second convolutions (cf. Figs. 2, 
3, 5, Pl. VIL). Some of these variations are shown by Wilder(7) in his 
Figs. 21, 22, 23, 24, of the brains of Pomeranian dogs, 

Dorsally of the inferior convolution curves the 8rd or median convo- 
lution between them is the supra-sylvian fissure which is usually 
considered to consist of two fissures the anterior (a. s. sy) and posterior 
supra-sylvian fissures (p. 8. 8y) joined at the posterior bend of the median 
convolution. In the adult dog I have in no case observed an indu- 
bitable’ separation of these fissures, neither apparently has Krueg; 
but Wilder figures a brain (his Fig. 14, Pl. IIL.) in which the posterior 
supra-sylvian is either absent or not joined to the anterior; it is impos- 


_ 1 In one instance I have seen a fairly deep fissure starting a little in front of the 
posterior end of the supra-sylvian fissure and running downwards and forwards in a line 
with the direction of the supra-sylvian, but it is possible that this fissure represented the 
nearly vertical fissure sometimes seen in the posterior ecto-sylvian convolution (cf. Migs. 8 3 
and 8, Pl. VII.) and not the posterior supra-sylvian fissure. — 
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sible to say which is the case since no side view of the brain is given. 
At the anterior bend of the median convolution running medially and 
forwards from the supra-sylvian is a fissure which may be called the 
ansate minor (an’) (cf. Fig. 2); it sometimes cuts the median convolution 
in two (cf. Figs. 1, 6, 7, Pl. VIL). , 

It occasionally happens that the anterior supra-sylvian and anterior 
ecto-sylvian fissures are connected by a fissure running transversely 
across the anterior ecto-sylvian convolution as in Fig. 10, Pl. VII. a semi- 
diagrammatic representation of the first and second convolutions of the 
dog’s brain. A variation of this is shown in Fig. 3, Pl. VII. In Fig. 5, Pl. 
VII. the supra-sylvian joins the anterior ecto-sylvian fissure so that atefirst 
sight it appears as if the second convolution forms no part of the anterior 
composite convolution (cf. p. 260). The supra-sylvian fissure extends for- 
wards to a very different extent in different dogs (cf. Fig. 2, Pl. VII. 
Fig. 17, Pl. VIIL). 

The part of the median convolution which is in front of the ansate 
minor fissure may be called the coronal convolution (cor) or anterior 
supra-sylvian. 

In the posterior part of the median convolution is the ecto-lateral 
fissure (e.l) (cf. Figs. 1 and 2) it varies considerably in length and depth 
(cf. Figs. 1 and 4, Pl. VIL); since the ecto-lateral fissure is always present 
and may extend as far back as the posterior end of the posterior supra- 
sylvian fissure and anteriorly may nearly reach the ansate minor, we may 
divide that part of the median convolution which lies between the 
coronal convolution and the posterior composite convolution (cf. p. 260) 
into the ecto-lateral (BE. L) and posterior supra-sylvian (P. 8. SY) convo- 
lutions, the former curving mesially around the latter. —_ 

In one dog’s brain which in all other respects had a fairly ini) 
arrangement of convolution and fissures, the ecto-lateral convolution was 
proportionately very large, and in its posterior portion there was a fairly 
long and deep additional fissure, posteriorly and laterally of the ecto-lateral ; 
in this case there was also a small fissure running into the posterior composite 
convolution laterally of the inferior recurrent fissure (cf. p. 258). 

Bounding the inter-hemispheral fissure is the first or superior 
Te (Fig. 2); at about its anterior third it is broken by the 

crucial fissure’ (cr) running out and slightly forwards from the inter- 


ing to him it is absent in some carnivora; Meynert(15) says it is absent in the bear but 
Pangoh(17) and Krueg(9) consider the fissure called by Meynert the central fissure in the 
bear to be the crucial. 
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hemispheral fissure. The crucial fissure sometimes ends in two processes _ 
- (cf. Fig. 4, Pl. VIL). Pansch considers this to be due to its uniting with a 


Fie. 2. Fissures. a. ¢, sy., anterior ecto-sylvian ; a. s, sy., anterior supra-sylvian ; an., 
ansate; an’., ansate minor; cor., coronal; cr. crucial; ¢. l., ecto-lateral; en. l., ento- 
lateral; 1., lateral; p. cr., post-crucial; p. ¢. sy., posterior ecto-sylvian ; p. 1., post- 
lateral; pr., prorean; pr. cr., pre-crucial ; p. s. sy., posterior supra-sylvian; 8. or., 
supra-orbital ; sp., splenial; sy., sylvian. Convolutions. a. . sy., anterior ecto- 
sylvian; A. s¥., anterior sylvian; a. s. G,, anterior limb of sigmoid gyrus; cor., 
coronal; L., ecto-lateral; ento-lateral; m. sy., median ecto-sylvian ; 
or., Orbital; P. E. sy¥., posterior ecto-sylvian; prorean; P. 8. posterior 
supra-sylvian; »P, 8. G., posterior limb of sigmoid gyrus; P. sP., post-splenial; 
P. 8Y., posterior sylvian ; s, supra-splenial, 


small neighbouring fissure (? pre-crucial). The bend of the superior convo- 
lution around the crucial fissure is the sigmoid gyrus’ the part of it 
in front of the crucial fissure being the anterior limb (A. 8. G), the part of 
it behind being the posterior limb (P. s. G). 

The fissure which separates the sigmoid gyrus from the median con- 
volution is the coronal fissure (cor), that which separates the superior 
and median convolutions in the middle part of their course is the lateral 
fissure (1), that which separates them in the posterior part is the post- 
lateral (p. 1). As a rule the coronal and lateral and the lateral and post- 
lateral fissures are united, exceptions are shown in the Figs. in Pl. VII. As 


wan think hy Flower (Anat. of Proteles, Proc, Royal Soe, 
479, 1869). 


| 
4 
4 A cor 
3 ‘Sp 
SY 
pesy 
4 


THE STRUCTURE OF THE DOGS BRAIN. 257 | 


mentioned by Krueg the lateral and ecto-lateral fissures are occasionally 
united posteriorly, in this case the post-lateral is generally unconnected 
with any other fissure (Fig. 1, Pl. VII.). The lateral and ecto-lateral 
fissures may also be united anteriorly (Fig. 6, Pl. VII). The lateral 
fissure is occasionally broken by bridging convolutions, © 

The post-lateral fissure varies considerably, when it is isolated it 
usually runs transversely ; it may be visible on the dorsal surface of the 
brain for the greater part of its course or it may lie in the part of the 
cortex overlying the cerebellum, so that on the dorsal surface little or 
none of it is seen (Fig. 6, Pl. VIL.) ; it may be broken up into two or three 
short fissures, and may be connected, usually by a shallower fissure, with 
the ecto-lateral (Figs. 1 and 6, Pl. VIL) or with the ento-lateral. 


The post-lateral is called the medilateral by Krueg, but since O wen (4) does 
not recognize a medilateral in the dog but uses it in the bear and some other 
animals for a fissure in the 4th convolution which is not homologous with the 
post-lateral of the dog, and since Wilder(7) sometimes (cf. his Fig. 16) uses 
medilateral for the ento-lateral fissure of the dog’, I think it better to use for 
the dog the more descriptive name post-lateral. 


At about the place of junction of the coronal with the lateral fissures, 
a short fissure runs forwards and medially in the superior convolution, 
' this is the ansate fissure (an). The ansate fissure is usually joined both 
with the coronal and with the lateral fissures, in 57 hemispheres examined 
by Krueg the junction failed eight times with the coronal and eight 
times with the lateral. For isolation of the coronal compare Fig. 9, Pl. 
VII. (copied from Wilder) and Figs. 7,8, Pl. VII. (copied from Pansch). 
I have myself not seen any brain in which the ansate fissure was isolated, 
in Figs. 1 and 6 of PL. VII. some curious varieties in the coronal, ansate, and 
lateral are given ; on both sides in Fig. 6 and on the right side in Fig. 1, 
the coronal is connected with a fissure, possibly the post-crucial, running 
into the posterior limb of the sigmoid gyrus; in Fig. 1 this might be 
mistaken for the ansate. In Fig. 6 the lateral is divided into two parts, 
the anterior being connected with the ansate, the posterior being on the 
right side isolated, on the left side connected by a shallow fissure with 
the ecto-lateral. | 


It will be noticed that whilst the fissure bounding the median convolution 
dorsally is divided into coronal, lateral and post-lateral ; the fissure bounding 
it ventrally is only divided into anterior and posterior supra-sylvian; the 
posterior supra-sylvian probably corresponds to the post-lateral and it seems 


1 Wilder in his later paper on the brain of the cat (20) adopts the names used by Krueg. 
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not unlikely that the anterior supra-sylvian is really formed (as was suggested 
by Wilder) of two separate fissures joined together at and with the ansate 
minor just as the coronal and lateral fissures are usually joined at and with 
the ansate. 


. In the more richly faiesesd brains it sometimes happens that there 
is a fissure running from the supra-sylvian in front of the ansate minor 
into the coronal convolution, it is shallower than the ansate minor 
(cf. Fig. 4, Pl. VIL). In these cases there is often a fissure running in 
the opposite direction from the posterior part of the coronal fissure into 
the coronal convolution (cf. Fig. 4, Pl. VIL). For modifications of this cf. 
Figs. land 6, Pl. VII... 

In the anterior limb of the sigmoid gyrus a shallow isne the pre- 
crucial (pr. cr) sometimes occurs. 

In the posterior limb of the sigmoid gyrus the post-crucial fissure 
(p. er) is generally present, it is possibly this fissure that is connected 
with the coronal in Figs. 1 and 6, Pl. VII.; in one case I have seen it 
joined by a fissure 2 m.m..deep with the base of the ansate. | 

Some little distance behind the sigmoid gyrus, in the superior convo- 

lution the shallow ento-lateral fissure (en. 1) (the Jfissura confinis of 
Krueg) is generally present; occasionally this fissure is connected 
posteriorly with the posterior part of the lateral or with the post-lateral ; 
although usually short and shallow it may be 4 to 5 mm. deep and run 
forward nearly to the ansate fissure. 
_ Turning now to the surface of the brain exposed by a median longi- 
tudinal section (Fig. 3) it is seen that the dorsal portion is formed by 
the superior convolution, this in the median and hind part of its course 
is bounded ventrally by the combined crucial (cr) and splenial fissures 
(sp); in rare cases the junction of these fissures is wanting (Krueg) ; 
one such case is figured by Lussana and Lemoigne(®). Anteriorly the 
splenial fissure curves forwards and upwards nearly or quite to the sur- 
face of the brain’; posteriorly it joins in nearly all cases the post-rhinal 
fissure: Krueg fund the junction absent in 3 hemispheres out of 32. 

From about the point of junction of the splenial and post-rhinal 
fissures two fissures usually run into the posterior composite convolution 
(cf. p. 260), these we may call the superior and inferior recurrent fissures 
(s.r and 7. r). In the regular type of brain, they run nearly parallel to 
one another, the superior recurrent a little mesially of the end of the 


usually-it ends much farther back. ie 
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post-lateral fissure, the inferior recurrent a little mesially of the end of 
the ecto-lateral fissure ; the inferior recurrent may be 16 by a shallow 


Fig. 3.. Fissures, ca., callosal; cr., crucial; de., dentate; g., genual; i. r., inferior 
recurrent; p. rh., post-rhinal ; pr. sp., pre-splenial ; p. sp., post-splenial ; r., rostral ; 
8. f., Superior recurrent ; sp., splenial ; s. sp., supra-splenial. Convolutions. v., den- 
tate; genual; PR., prorean ; PR. sP., pre-splenial; P, sp., post-splenial ; s. c., supra- 
callosal; s. pR., sub-prorean; sP., splenial; s. sp., supra-splenial ; v., uncinate. 


fissure with the ecto-lateral. When the post-lateral and ecto-lateral 
fissures depart from the typical arrangement the position of the recurrent 
fissures varies considerably, in one case the inferior recurrent was con- 
nected by a shallow fissure with the supra-sylvian. The inferior recurrent 
was present in all the brains that I have examined, the superior re- 
current was absent in one only; the former probably represents the end 
of the post-rhinal fissure, the latter possibly the end of the splenial 
fissure. | 


In front of the anterior curving part of the splenial fissure (sp) and 
above the posterior part of the crucial fissure (cr) is usually a shallow 
fissure which we may call the pre-splenial (pr. sp). In the posterior 
part of the superior convolution above the splenial fissure (sp) is the 
supra-splenial fissure (8. sp), posteriorly to this and usually connected 
with it is the post-splenial fissure (p. sp). We may conveniently divide 
the superior convolution into tracts corresponding to these fissures. 
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The posterior limb of the sigmoid gyrus we may consider as bounded 
medially by the ansate fissure and by a line passing from the end of the 
ansate fissure to the crucial. That part of the median surface of the 
superior convolution which lies between the crucial and splenial fissures 
we may call the pre-splenial convolution (PR. SP.) including in this the 
part of the dorsal surface which lies medially of a line drawn from the 
splenial fissure to the ansate. The part of the superior which lies 
between the splenial fissure on the one hand and the.supra- and post- 
splenial fissures on the other we may call the splenial convolution, the 
remainder of the superior we may divide into the ento-lateral convolu- 
tion (EN. L) to the outside of the ento-lateral fissure (en. 1) and the 
supra-splenial and post-splenial convolutions (8. SP and P. SP) correspond- 
ing with the supra-splenial and post-splenial fissures. a 


Short shallow transverse foldings are not uncommon in the middle third 
of the mesial border of the superior convolution ; in Fig. 4, Pl. VII. for ex- 
ample there is one such which simulates the end of the splenial fissure ; on the 
dorsal surface there is very commonly a shallow transverse depression between 
the ansate and ento-lateral fissures (cf. Fig. 2), this may join the lateral. 


Both in front and behind, the ends of the superior, median, inferior 
and Sylvian convolutions are seen to run together (Fig. 1). The convo- 
lutions which are formed by their junctions anteriorly and posteriorly I 
call the anterior and posterior composite convolutions (A.c and Pc). I 
introduce these names because I find them necessary for the description 
of the uninjured portion of the brain in Goltz’ dog. In this animal the 
ends of the limiting fissure of the external convolutions are for the most 
part destroyed so that it is impossible to say to which convolution the 
remaining portions belong; even in the normal brain such a division of 
these unfissured portions must be somewhat arbitrary. The anterior- 
composite convolution corresponds very closely to the operculum of 
- Meynert, except that he includes in the operculum the anterior Sylvian 
convolution. 

In the anterior and posterior composite convolutions there occur in 
different dogs various shallow fissures (cf. Figs. 2, 3,5, Pl. VII). The 
most common are, a nearly vertical fissure in front of the anterior ecto- 
sylvian fissure, and a similar usually longer fissure behind the posterior 
ecto-sylvian fissure. Each may be connected by a depression or shallow 
fissure with any one of the neighbouring fissures. 


Krueg figures a diagonal fissure in several carnivora but not in the dog 
although he does not say that it may not be present; in his figures it is a 
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fissure running nearly horizontally either connected with the anterior ecto- 
sylvian and between the anterior ends of the ecto-sylvian and supra-sylvian 
fissures or still farther forward in the anterior composite convolution. 

Wilder (29) figures the diagonal in the cat as a more vertical fissure in front 
of the end of anterior ecto-sylvian (with which it may be connected) and as 
a small triangular depression in the anterior composite convolution below the 
ecto-sylvian fissure. A horizontal fissure as figured by Krueg is occasionally 
present but placed more anteriorly ; short nearly vertical fissures and small 
depressions like those figured by Wilder as the diagonal in the cat are not 
uncommon in the posterior part of the anterior composite convolution of the 

In the anterior part of the mesial surface of the brain (Fig. 3), 
the genual fissure (g) is seen curving round the genu of the corpus — 
callosum, In one case I have seen this connected by a shallow depres- 
sion with the crucial, the genual fissure is very variable in position and 
size, since it is however usually present we may distinguish the fold 
between it and the corpus callosum as the genual convolution (a). The 


posterior portion of the genual convolution passes into the septal area 
of Huxley’. 


Krueg does not figure a rostral fissure in the dog ; in Fig. 19, Pl. VII. there 
is a shallow fissure in front of the genual which may perhaps represent the 


rostral fissure (r); in no other dog’s brain have I seen more than mere indica- 
tions of it. 


Between the corpus callosum and the combined crucial and splenial 
fissures is the supra-callosal convolution® (8. C.) anteriorly this joins the 
genual convolution, posteriorly it joins the uncinate (U) (cf. p. 262). 
In its posterior part there is occasionally a shallow fissure running 
parallel to the splenial. 

Immediately above the corpus euionam is a shallow fissure the 
callosal (ca). 

In the great majority of dogs it would appear from the dissection of 
the brain that the supra-callosal convolution rises to the dorsal surface in 
front of the crucial fissure to form the anterior limb of the sigmoid gyrus. 
This view was put forward by Leuret and Gratiolet. In some other 
carnivora however’ the anterior limb of the sigmoid gyrus is cut off from 


1 Huxley. “The structure and classification of Mammalia.’ Medical Times and 
Gazette, March 5, 1854, p. 256. 


* This is part of gyrus fornicatus of Meynert, part of internal convolution of 
Leuret and Gratiolet, 


3 e.g. Proteles, cf. Flower, Proc, Zool. Soc. 1869, p. 481, Fig. 4 
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the supra-callosal convolution by the junction of the genual fissure with 
the crucial. I have mentioned above an approach to this in the dog; 
another variation I give in Fig. 11, Pl. VII. Hence it seems to me 
preferable to limit the anterior limb of the sigmoid gyrus mesially to 
the line which the genual takes when it joins the crucial ; anteriorly it 
is bounded by the line which would be taken by prolonging the supra- 
orbital to the genual. 


In those dogs in which the genual fissure is s only indicated by a trifling 
depression the separation of a genual convolution may seem very arbitrary, 
but in transverse sections it is seen that the cortex which curls round the corpus 
callosum has a different structure from the cortex of neighbouring parts ; 


_ mesially and inferiorly the genual convolution bounds the lateral ventricle. 


According to Leuret and Gratiolet the sub-orbital lobe (cf. p. 267) as 
well as the anterior limb of the sigmoid gyrus is formed by the continuation 
forwards of the internal convolution. In this case we could diagrammatically 
represent the chief convolutions and fissures of the brain as in Fig. 12, 


Pl. VII. Meynert (op. cit. p. 266) considers that the genual and supra- 


callosal convolutions are parts of the gyrus fornicatus (cf. p. 267), and are 
quite distinct from the sub-orbital lobe and the sigmoid gyrus. On this view, 
whieh I am inclined to follow, the diagrammatic representation of the dog’s 


brain would be as in Fig, 13,-Pl. VII. a ene 


with varying degrees of frequency not continuous. 


From the arrangement of the strands of white ent in the owed 
anteriorly to the genual convolution (cf. below p. 278), I divide this 
portion of the cortex into a dorsal part belonging to the prorean convo- 
lution (PR) (cf. above p. 253), and a ventral part, the sub-prorean convolu- 
tion (S. PR); from the lateral view of the brain (Fig. 1), part of this can 
be seen, normally it is almost or entirely hidden by the olfactory tract. 
The olfactory fissure may be considered as the dorsal lateral boundary 
of the sub-prorean convolution. 3 

The supra-callosal convolution curves round the splenium of the 
corpus callosum and is continuous with the uncinate convolution (Uv). 
The uncinate convolution (Fig. 3) curves a short way under the 
splenium; and below this curves laterally; this curving portion. is 
separated by the shallow dentate’ fissure (de) from the dentate convolution 
(D). The dentate and uncinate convolutions form the mesial wall of the 
posterior part of the lateral ventricle; the dentate convolution ends 
with a free edge (except for the posterior pillars of the fornix) and 


This term was introduced of Ateles Pree, Zool. 
Soe. of London p. 255, :1861, 
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runs in approximately a semicircle from the corpus callosum to the end 
of the descending cornu of the lateral ventricle: the dentate fissure runs 
parallel to the free edge and marks the fold which the cortex here 
makes upon itself. 


The uncinate and dentate lobes together are called by Leuret and 
Gratiolet the hippocampal, Flower uses hippocampal lobe in the same 
sense. Meynert marks the posterior part of the uncinate which can be 
seen in a mesial view, as the posterior part of the gyrus fornicatus. Krueg. 
uses the term hippocampal lobe for the mesial curved part of the uncinate 
lobe, the lateral part he calls the pyriform lobe’. In some cases the hippo- 
campal lobe is used vaguely for that part of the cortex in which lies the 
dentate fissure and which is represented by the hippocampus of the lateral 
ventricle. For the nomenclature used by Broca cf. Part II., p. 274. 

The posterior boundary of the hippocampus is not marked externally by a 
fissure, it corresponds roughly to the anterior and the dorsal edge formed 
by the uncinate convolution as it curves laterally to form the mesial wall of 
the Jateral ventricle. On a mesial view of the brain with optic thalamus and. 
corpora geniculata intact but with corpora quadrigemina and underlying parts" 
removed only the edge of the outer surface of the hippocampus can be seen, 
on such a view the dentate (hippocampal) fissure is hidden ; in the figures of 
Owen and Krueg the lateral continuation of the so-called transverse fissure 
is marked as the hippocampal. 


- When the Sylvian fissure is opened or better when the Sylvian con- 
volution is cut away (Fig. 16, Pl. VII.) a flat triangular space, the 
island of Reil (I. R), is seen, normally this is overlapped by the anterior 
and posterior Sylvian convolutions and by small adjacent portions of the 
anterior and posterior composite convolutions, The rhinal and post- 
rhinal fissures are connected; both of them being here shallow, they 
form the dorsal lateral boundary of the olfactory and uncinate lobes. 

The island of Reil varies somewhat in size and shape in different 
dogs; in alcohol-hardened brains its medial lateral surface is often pressed 
up into the Sylvian fissure between the anterior and posterior Sylvian 
convolutions. Between it and each of these convolutions is a depression 
the fissura Sylvii anterior and fissura Sylvii posterior of Krueg, these 
depressions are usually united dorsally and give off an upward process ; 
this is the fissura Sylvii acuminis of Krueg; the anterior may join 

either the rhinal or supra-orbital fissures (cf. Figs. 14, 15, Pl. VII. 


1 That part of the lateral region of the uncinate lobe which is anterior to the lateral 


_ ventricle might perhaps be called the pyriform _ although this part is not well defined 
on the surface. 


PH. IV. ; 20 


4 
on 
+8 
3 
© 
p 3 
a 


264 | J. N. LANGLEY. 


copied from Krueg), the posterior occasionally joins the post-rhinal. It: 
may be doubted whether the fissura acuminis should be considered as a 
separate fissure. For the views of Broca cf. Part IT. p. 274. 

Thus not all the fissures bounding the island of Reil are separately 
represented on the surface of the brain (cf. Fig. 1); of the fissures seen 
on the surface it seems to me most convenient to restrict, as I have 
done in the foregoing account, the Sylvian fissure to that between the 
anterior and posterior Sylvian convolutions, and to call the anterior pro- 
longation of this above the olfactory lobe the rhinal fissure and the 
posterior continuation above the uncinate lobe the post-rhinal fissure. 
It is to be remembered that when the posterior part of the rhinal is 
opened a part of the f, Sylvii anterior, and sometimes the end of the 
supra-orbital, is seen in addition to the rhinal,’and when the anterior 
part of the post-rhinal is opened, a part of the f. Sylvii posterior is seen 
as well as the post-rhinal. 


_ Wilder calls that part of the rhinal fissure which stretches from the 
junction of the supra-orbital to the Sylvian fissure the basi-sylvian fissure. 


Meynert takes the island of Reil as stretching forwards underneath 
the anterior composite convolution and including the posterior part of 
the orbital lobe (cf. his Fig. 5, op. cit.). 


Summing up the convolutions of the dog’s brain we have 


1, The Ist or Sylvian convolution subdivided into 
The anterior Sylvian. 
The posterior Sylvian. 


2. The 2nd or Inferior convolution subdivided into 
The anterior ecto-sylvian, 
The median ecto-sylvian. 
The posterior ecto-sylvian. 


3. The 3rd or Median convolution subdivided into 
The coronal or anterior supra-sylvian. 
The posterior supra-sylvian. 

ecto-lateral. | 

4. The 4th or Superior convolution subdivided into 
The anterior limb of the sigmoid gyrus. 
The posterior limb of the sigmoid gyrus. 
The pre-splenial. 


ox} | . 
oft 4 
ly 
> 
Fa | 
| 
+ 
~ 
* 
4 
be 
aa 
< 
‘ 
wa 
| 
3 
* 


THE STRUCTURE OF THE DOG'S BRAIN. 265 


The splenial. 

The supra-splenial. 
The post-splenial. 
The ento-lateral. 


5. Adjuncts to the above four External convolutions 
The anterior composite. 


The posterior composite. 


6. The Internal convolution subdivided into 
The genual. 
The supra-callosal. 
The uncinate. 
The dentate. 
The island of Reil. 
The olfactory. 


7. The Sub-orbital convolution subdivided into 
The orbital. 
The prorean. 
The sub-prorean. 


PART IL. 


Literature relating to the Fissures and Convolutions of the 
Dog’s Brain. 


The following two Tables show the names which have been used for 
the fissures and convolutions by those observers who have attempted to 
describe the brain at all fully. In the short abstracts of the papers 
bearing on the subject, which come after these Tables, the points which 
have been already mentioned in the account of the brain or in the © 
Tables are as a rule omitted; one or two papers have required no 
further account. 
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Other fissures referred to in the text which have not received 
several names and some of which are newly introduced are—The dentate 
(de) or hippocampal (cf. p. 263) ; the Sylvian (sy) called by Meynert the 


posterior branch of the Sylvian (cf. p. 273); the f. Sylvii anterior (sy. a), 


f. Sylvii posterior (sy. p) and f. Sylvii acuminis (sy. ac) of Krueg 
(cf. p. 263); the olfactory (ol) (cf. p. 252); the diagonal of Krueg (cf. 
p. 260); the intra-olfactory (1. ol); the intra-orbital (¢. or), the superior 
recurrent (s. 7); the inferior recurrent (1. 7); the rostral (r); the callosal 
(ca) (Owen); the pre-splenial (pr. sp). 


In the following Abstracts the names used by the Authors of the 
Papers are translated into the nomenclature used in Part I. of this Paper, — 
wherever it has seemed possible that the two might be confused the 
names used by the Authors are put in italics. oe 

Leuret and Gratiolet()), The fox, dog, wolf make up the 3rd 
group of mammals classified according to the arrangement of the convo- 
lutions of their brains, Each hemisphere in this group has six convolu- 
tions, four external, the internal and the sub-orbital. The line of junction 
between the internal and sub-orbital is not given, Most of the fissures 
are figured but un-named with the exception of that to which Leuret 
and Gratiolet gave the name of crucial. 

Dareste(2) considers the chief convolutions of the brain in mam- 
mals and divides them into four types. Of these carnivora form one; 


_ having a sub-type of the canide, The canide he says besides the 


sub-orbital have four chief convolutions which are united at their ends 
only (from Owen, Wilder and Krueg we know that they may also be 
united at certain parts along their course), He names the convolutions 
the reverse way to that done by Leuret and Gratiolet so that it is the 
second (the third or Median of L. and G.) in which he describes a fissure 
(the ecto-lateral of Wilder) as often occurring. The supra-callosal and 
uncinate convolutions are not mentioned. He does not mention or give 
any figures of the brains of dogs. In his earlier papers’ he had pointed 
out that the complexity of convolutions of the brains of animals of the 
same genus depends largely upon the size of the animal. 

Pansch(?) devotes himself chiefly to an account of the development 
of the fissures in man and apes; he gives also a short description with 
figures of the chief fissures of the foetal and adult dog; in the fetal dog 
there are three curyed fissures on the lateral surface of the hemisphere, 


1 Dareste. Ann. des sc. Nat. Third Ser. t. xvi. p. 34, 1882; Fourth Ser. t. 1. p. 73, 1883. 
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the upper one (= coronal and ? lateral) probably corresponds, he says, to 
the third radial primary fissure of man, the fourth typical fissure of 
higher apes, it bounds the post-central convolution; the middle and 
lower curved fissures of the dog are not represented in man and apes. 
The inner fissures (= crucial and splenial fissures) probably correspond 
_ to the inner primary fissure of man and apes. What these fissures 
represent in the adult brain of man and apes he does not say. He points | 
out that in the adult dog the fissures may differ somewhat in the two 
sides of the brain; his figures 41 and 42 of the dog’s brain differ so 
much from any brain I have seen that I am inclined to doubt their 
accuracy. 

Owen(4) gives no direct account of the brain of the dog; in his © 
general description of the brain of mammals he gives the sub-class of 
-canidgze and takes the fox as the type of it. The account (p. 117) is 
short but the figures given have most of the fissures and convolutions 
lettered and on a reference to the index (p. 137) can be determined. 
Reference to the figures given of the brain of the cat and of other 
carnivora also helps to determine the names which the fissures and con- 
volutions of the brain of the dog would receive in Owen’s nomen- 
clature. | 

The crucial fissure is taken as dividing the pre-frontal from the post- 
frontal regions; the post-frontal region is however limited to the lateral 
part of the posterior limb of the sigmoid gyrus, apparently it is bounded 
medially by the post-crucial fissure; the median part of the posterior 
limb of the sigmoid gyrus belongs to the medial fold. 

The supra-orbital fissure is apparently considered to be part of the 
Sylvian fissure. 

The middle part of the second convolution is called part of the 
Sylvian ; in the figure of the fox’s brain the ends of this convolution are 
marked ento-rhinal, in the figure of the cat’s brain the anterior end is 
marked as the pre-sylvian fold. In higher mammals falcial and sub- 
falcial fissures probably corresponding with the genual and rostral are 
given, but they are not described in carnivora. An ecto-lateral fissure is 
figured in the fox, but on the lateral view of the brain it receives no 
name and on the surface view it is, probably by an engraver’s error, called 
the post-sylvian. 

Gervais(5) gives a general account of the forms of the brain and of 
the arrangement of convolutions in carnivora accompanied by excellent 
figures : for the dog’s brain he adds however little to the description of 
Leuret and Gratiolet, the sigmoid gyrus he calls the frontal area, he 
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compares the shape of the brain in different species of dogs; his figures of 
the dog’s brain are unfortunately for our purpose taken from casts of the 
inside of skull so that the minor fissures cannot be satisfactorily made 
out, 

Lussana and Lemoigne(6) follow Leuret and Gratiolet in 
dividing the cerebral cortex of the dog into an internal and four 
external convolutions; the mesial surface of the internal they divide 
into an ascending, a horizontal and a descending portion as given in the 
Table above. The descending portion gives off three processes, one 
corresponding roughly to the sub-prorean ; one, the frontal, corresponding 
roughly to the prorean and orbital combined, and one corresponding to 
the anterior limb of the sigmoid gyrus. 

Lussana and Lemoigne consider that the internal solvelition is 
connected with the fourth external between the crucial and splenial 
fissures (we have seen that in dogs these fissures are usually united so 
that this junction cannot be considered as normal). The part of the 
fourth convolution on the mesial surface between these fissures they call 
the quadrilateral lobe. From this lobe several processes are given off, 
one corresponding to the posterior limb of the sigmoid gyrus, another 
including that part of the surface of the fourth or superior convolution 
which stretches from the sigmoid gyrus to the level of the splenial fissure, 
a third the occipito-temporal corresponding to the splenial, and a fourth 
the peripheral occigyntal corresponding to the remainder of the superior 
convolution, i.e, roughly to the supra-splenial, post-splenial and confined 
convolutions. The anterior composite convolution together with the 
anterior Sylvian convolution they call the operculum. 

Hitzig (9) divides the cortex of the dog’s brain into frontal, parietal, 
temporal and occipital regions. He takes the united ansate and ansate 
minor fissures together with the part of the supra-sylvian fissure 
which lies in front. of the ansate minor to correspond to the fissure of 
Rolando of primates. ~ This conclusion is founded chiefly upon the 
results of a comparison of the motor areas of the dog and the ape. The 
various regions of the brain are thus divided to a great extent inde- 
pendently of the fissures, The frontal lobe includes the sub-orbital lobe, 
and that part of the anterior limb of the sigmoid gyrus which lies 
mesially of a line drawn in a sagital direction from the anterior end of 
the crucial fissure to the supra-orbital fissure. The parietal lobe 

includes all the parts of the four external convolutions which lie in front 
of a line drawn from the posterior end of the sylvian fissure through the 
ansate minor and ansate fissure, with the exception of the portion of 
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den anterior limb of the sigmoid gyrus spoken of above as belonging to 
the frontal lobe (i.e. includes the lateral part of A.s.G, the P. s. G, 
COR., A. E. SY., A. SY and the A. c.). The occipital lobe includes the 
part of the superior convolution which lies behind the ansate fissure, 
the ecto-lateral and posterior supra-sylvian convolutions except an ill- 
defined posterior which is considered to belong to the temporal lobe ; to 
the temporal lobe also belong the posterior ecto-sylvian and posterior- 
sylvian convolutions. 

Hitzig considers that the posterior limb of the sigmoid gyrus, the - 
lateral portion of the anterior limb, and the coronal convolution, 
correspond to the gyrus pre-centralis or anterior central convolution of 
man and apes. This is included by Hitzig in the parietal, and not in 
the frontal lobe, since in man the anterior central convolution lies under 
the parietal bone. 

Betz(10) bases his conclusions chiefly on the histological structure of 
the parts of the brain. The cortex of the brain of man and higher apes 
he finds is divided into two regions by the fissure of Rolando, the part 
in front of this fissure is distinguished by having giant-pyramidal cells 
arranged in groups; these cells occur in greatest number in a portion of 
the medial surface which he calls the para-central lobe, it is separated 
by fissures from the medial surface of the first frontal convolution in front 
of it, from the gyrus fornicatus below it and from the quadrate lobe 
behind it; apparently then it corresponds to posterior part of the 
marginal convolution, although it is a little difficult to see how the 
whole of this can be said to be in front of the fissure of Rolando. 

Similar giant-cells arranged also in groups he found in the dog in 
the convolution bounding the surface part of the crucial sulcus (sigmoid 
gyrus) and in the anterior half of the convolution behind and abutting 
on it (? coronal convolution) and in these only. He concludes that these 
parts in the dog are homologous with the para-central lobe of man, that 
the central convolutions of man are not represented in the dog, and that 
the frontal lobe of man is represented by the cortex anterior to the 
giant-cell area of the dog (i.e. roughly by the sub-orbital convolution). 

Pansch(11) contests the views of Hitzig and Betz with regard to 
the regions of the brains of dogs and apes which are equivalent. All 
mammals which have fissured brains—except the lowest apes with 
slightly fissured brains—show in the foetal stage three primary fissures 
on the lateral surface. From the fissures which these give rise to in the 
adult he concludes that the anterior bent fissure of the dog (= supra- 
orbital) corresponds with the prae-central (first primary fissure); the 
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anterior part of the middle curved fissure of the dog (anterior supra- 
sylvian, ? part in front of ansate minor) corresponds with the interparietal 
(third primary fissure); the anterior part of the upper curved fissure of 
the dog (coronal fissure) corresponds with the fissure of Rolando 
(second primary fissure), thus the anterior ends of the third and fourth 
convolutions of the dog correspond with the central convolutions of man 
and apes. 

Wernicke(!2) considers with Leuret that the surface cortex of all 
mammalian brains consists typically of four convolutions curved around 
the Sylvian fissure; in primates he considers these convolutions are 
divided by two, roughly speaking transverse, fissures, the fissure of 
Rolando and the lower occipital fissure, in the (e.g.) dog these fissures 
are absent and the convolutions thus run without break, nevertheless 
their anterior middle and posterior regions are homologous with the 
anterior, middle and posterior regions into which the convolutions of the 
primate are divided by the fissure of Rolando and lower occipital 
fissure. It needs hardly to be pointed out that this does not agree with 
the conclusions of most observers. 

Ferrier(!3) names the four external convolutions in the reverse order 
to that used by Leuret and Gratiolet, so that with him the superior 
is the first, the Sylvian the fourth convolution. 

Benedikt(4) attempts to show from observations on the brains of 
criminals which he regards as degradation forms (Riickfall’s Gehirne) 
that the surface cortex of the brain of man consists of four convolutions 
like that of carnivora. (It may be remarked that in some carnivora, e.g. 
the bear, there are only three external convolutions; probably the ecto- 
sylvian fissure, variable in most carnivora, is absent in the bear, ef. 
Meynert, Pansch, Krueg.) | 

Meynert(15) compares the convolutions and fissures of the brains of 
carnivora, apes and man. 

The coronal fissure he considers to be homologous with the central 
fissure or fissure of Rolando of man, this then divides the frontal from 
the parietal regions. | 

The first two convolutions he calls the first and second parieto- 
temporal convolutions, the parietal being apparently divided from the 
temporal portions by a line continuing the Sylvian fissure upwards and 
backwards. 

The third or median convolution he calls the upper parietal (occipital) 
convolution [Dritterscheitel (Hinterhaupt), Bogen] but in the Figs. 
of the brain of a bear (his Fig. 17) and of a lion (his Fig. 23) the lower 
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posterior end of this—partly posterior supra-sylvian convolution, partly 
posterior composite convolution—is marked as a third temporal convolu- 
tion. The lateral part of the uncinate convolution (cf. his Fig. of brain 
of bear,) is also included in the temporal lobe. 

The occipital lobe is not specially defined, presumably it includes the 
posterior part of the fourth convolution and the median posterior part of 
the third (= ecto-lateral convolution) together with the parts of the 
posterior composite convolution in which they end. 

The small piece of cortex curving round the anterior end of the. 
supra-orbital fissure is called by Meynert the gyrus transitorius. 

The sigmoid gyrus forms the central convolution and is divided into 
an anterior and posterior part by the calloso-marginal fissure (crucial). 

In the gyrus fornicatus Meynert includes the genual and supra- 
callosal convolutions and the posterior mesial portion of the uncinate. 

The anterior composite convolution together with the anterior Sylvian 
forms the operculum, the operculum is bounded by the Sylvian fissure, 
which is divided by Meynert into three portions, an anterior branch 
corresponding to the supra-orbital fissure, a median horizontal branch 
corresponding to the posterior part of the rhinal, a posterior branch 
corresponding to the Sylvian fissure as used here. It will be noticed 
that this division is made from the appearance of the fissures on the sur- 
face of the brain, the fissures which are shown on exposing the island of 
Reil are neglected, cf. p. 263. The posterior part of the orbital lobe is 
considered by Meynert to belong to the island of Reil, the anterior 
part he calls the rhinal convolution. | | 

According to Schmidt* the sulcus calloso-marginalis of man arises 
_ from two fissures curving in opposite directions which unite along the 
greater part of their medial course. The posterior ascending branch of 
the united fissure in man, apes and bear is a fissure rising up in front of 
the quadrate lobe. The anterior ascending branch of the united fissures 
~ 1s according to Meynert the crucial fissure of Canide, and is absent in 
man, apes, the bear and some other carnivora; the crucial fissure of 
Canidz thus corresponds to the anterior end of the upper curved fissure 
of Schmidt, the marginal fissure (Randfurche). 

Broca(l6) compares the convolutions of the brains of mammals, 
considering more particularly the relations of the limbic lobe (the 
internal convolution of Leuret and Gratiolet). The brain of the dog 


1 Schmidt. “Beitriige zur Entwickel hichte des Gehirns.” Zeitschr. f. 
Zoologie. p. 55, 1862. 
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he considers to be formed of (1) The limbic lobe’ and (2) The external 
convolutions (la masse circonvolutionnaire). (1) The limbic lobe is made 
up of the lobe of the corpus callosum and of the olfactory and hippo- 
campal lobes; the lobe of the corpus callosum consists of the genual, the 
supra-ca!losal and its continuation behind the splenium as far as the end 
of splenial fissure, it includes thus part of the mesial surface of the 
uncinate lobe. The lobe of the corpus calloswm includes also that part of 
the anterior limb of the sygmoid gyrus, which lies mesially of a line drawn 
from the end of the crucial fissure to the end of the supra-orbital fissure. 
The hippocampal lobe includes the dentate and that part of the uncinate 
not forming part of the lobe of the corpus callosum. (2) ‘La masse 
circonvolutionnaire’ forms two lobes, the frontal and parietal. The. 
frontal lobe corresponds to the sub-orbital lobe, the parietal includes the 
rest. of cortex except the limbic lobe and sub-sylvian lobule. The 
parietal convolutions are numbered 1, 2, 3 and so on starting from the 
Sylvian fissure; in the fissure of the brain of the otter three parietal 
convolutions are marked (the united Sylvian and inferior making the 
first), in the figure of the brain of the fox four parietal convolutions are 
marked, in that of the dog, five (apparently the ecto-lateral convolution 
is the fourth) ; in all cases the convolution (superior) bounding the inter- 
hemispheral fissure is called the sagittal, the sagittal includes the 
lateral part only of the anterior limb of the sigmoid gyrus. 

The anterior composite convolution excluding that part which is 
formed by the continuation forwards of the Sylvian convolution is called 
the post-Rolandic gyrus, it is considered to be homologous with the 
ascending parietal convolution of primates. 

_ The part of the posterior composite convolution which lies between 
the Sylvian and inferior recurrent fissures is called by Broca the 
temporal lobule of the parietal lobe, this lobule uniting with the 
hippocampal lobe (atrophiée) gives rise to the temporal lobe of primates, 
it is also from the temporal lobule ‘que procédent quelques-uns des 
éléments que forment chez les primates le lobe occipital.’ 

The limbic fissure includes the rhinal, the post-rhinal, the splenial 
and the crucial; the genual (sub-frontal) is also considered as an isolated 
portion of it. The limbic fissure is broken by certain annectant con- 
volutions (plis de passage), one the retro-limbic is at the posterior end of 
the sub-parietal fissure, it is the piece of cortex between the superior and 
inferior recurrent fissures ; others (not always present) are the posterior 


1 The terms used by Broca are put in italics. 
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parieto-limbic running across the splenial fissure at the junction of the 
supra-callosal and uncinate convolutions, and the anterior parieto-limbic 
at. the junction of the splenial and crucial fissures; anteriorly and 
mesially are two more, the pre-limbic or Jroisolinbie between » the 
crucial and genual fissures, and another (unnamed) ventrally of the 
genual fissure. In the anterior and in the posterior ventral part of the 
sub-sylvian lobule (island of Reil), there is according to Brocaa trace of 
a temporo-parietal fold ; the cortex at the junction of the orbital lobe and 
the island of Reil he calls the temporo-frontal annectant convolution. 

Pansch(17) lays stress on the conclusion arrived at by him in his 
earlier work that the only satisfactory method of determining the homo- 
logous parts of the brains of various mammals is by the study of the 
development of the fissures, The earlier a fissure appears in the foetal 
brain the deeper it is in the adult. 

He contests Meynert’s view that. the supra-orbital fissure (of this 
paper) is the anterior branch of the Sylvian, since it is, as he had shown 
before(3), always a separate fissure in the foetus, and is sometimes so in 
the adult dog; hence he argues that the parts of the brain of carnivora 
considered by Meynert to be homologous with the frontal lobes and 
gyrus transitorius of primates cannot in the main be homologous. 

He contests also Meynert’s view of the origin of the crucial fissure 
from the ‘Randfurche’ of Schmidt (cf. supra). From the observation of 
foetal dogs’ brains he finds that the crucial fissure arises before and inde- 
pendently of the sulcus-calloso-marginalis (splenial) which corresponds, if 
any correspondence can be said to exist, to the combined fissures of 
Schmidt. He points out further that according to Schmidt the posterior 
ascending branch of the ‘Randfurche’ rises up behind the quadrate lobe 
and not as would appear from Meynert:in front of it. He dissents also 
from Meynert’s calling the splenial fissure (of this paper) the occipital. 
He agrees with Meynert that the coronal and supra-sylvian fissures of 
the dog are homologous with the fissure of Rolando and interparietal 
of primates, but remarks that these homologies were pointed out by 
Owen in 1868 .and by himself in 1873. He argues also against 
Wernicke’s views. 

Pansch(!8) in a general account of the fissures of the brains of mam- 
mals gives a good description of the fissures of the dog. Most.points 
mentioned by him have been referred to or included in the Text and 
Tables above. According to him the brain of a large dog does not 
necessarily have many minor fissures (cf. Dareste, supra). 

Krueg(!9) in his account of the fissures of zono-placental mammals 
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gives a careful description of the fissures of the Canidz : his description 
has been most valuable to me as a basis for my own account. He gives 


_ excellent figures illustrating the time of appearance of the fissures in car- 


nivora, in foetal and early extra-uterine life, 

Wilder() gives an account of the brain of the cat, and proposes 
many simplifications in the names given to the parts of the brain. His 
nomenclature for fissures is in the main that adopted by Krueg. Krueg’s 
genual and rostral however he calls falcial and sub-falcial, Krueg’s 
supra-splenial and post-splenial he calls marginal and post-marginal and 
Krueg’s pre-sylvian, super-orbital. 
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PART IIL. 


Transverse Vertical sections of the Brain of the Dog. 


Figures I.—X. Pl. VIII. represent successive vertical sections of the 
right. half of the brain of a dog. The half brain which was so sliced 
up is represented from different points of view in Figs. 17 to 21, in all 
except the last of these the positions of the sections is marked; so that 
by a comparison of the two sets of figures a general idea of the relations 
of the various convolutions to the deeper parts of the brain can be 
obtained. 

Since however there are considerable differences in the relative size 
and position of the parts of the brain in different dogs, it follows that the 
convolutions cut through in a vertical section through any given spot, 
such as the anterior commissure or middle of the soft commissure, vary 
also considerably in different dogs. 

I do not propose to give more than a brief account of the salient 
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features of these cross sections and I shall confine myself in the main to 
those features which are useful in determining what parts have been 
destroyed in the brain of Goltz’ dog; some conspicuous structures not 
mentioned in the following account are indicated in the figures by the 
lettering. In these figures the dotted parts indicate grey substance and 
the shaded part white substance, so far as these can be discerned without — 
the use of the microscope. 

In a section made through the anterior portion of the brain in front 
of the anterior sigmoid gyrus we find that the fibres appear to radiate 
from the centre of the section in three main strands, one to the orbital, 
one to the prorean and one to the sub-prorean convolution (Fig. I. 
Pl. VIII). | | 

In a section through the anterior limb of the sigmoid gyrus in its 
anterior portion (Fig. II. Pl. VIII), three white strands continuous with 
the previous are still distinct, but the strand which is continuous with 
the prorean bends laterally and passes over into the white substance of 
the anterior limb of the sigmoid gyrus and into whatever parts of the 
other external convolutions there may be in the section ; in Fig. IT. these 
parts are represented by a small portion of the anterior composite con- 
volution. | 

It is noteworthy that a not inconsiderable part of the anterior limb 
of the sigmoid gyrus lies over the orbital and prorean convolutions, being 
separated from them by the deep supra-orbital fissure. In the similarly 
projecting part of the anterior composite convolution a beginning division 
of the white substance into two bundles corresponding to the strands of the 
third and second convolutions may not infrequently .be seen although 
the cortex is without any sign of a fissure. Fig. 22 shows this, it is 
taken from a dog in which the forward projection of the sigmoid gyrus 
and anterior composite convolution was perhaps greater than usual. _ 

On making successive thin vertical sections of the anterior limb of 
the sigmoid gyrus from the front posteriorly, it is seen that the top of 
the vertical strand continuous with the prorean becomes flattened, then 
concave, so that in its posterior portion (Fig. III.) the sigmoid gyrus has 
two strands, one medial, the other lateral; connected with these is the 
strand running to the anterior composite convolution ; in some cases the 
median convolution is in such a section fairly distinct. 

Passing backwards the vertical median strand becomes shorter, 
forming the white substance of what may now be considered the supra- 
callosal convolution, the lateral strand curves medially to the posterior 
limb of the sigmoid gyrus (Fig. IV.). In this figure the median convolution 
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is now distinct from the anterior composite and the latter shows in the 
arrangement of its strands an indication of its — formed by the united 
inferior and Sylvian convolutions. 

Fig. V. is taken from a section through the posterior part of the pos- 
terior limb of the sigmoid gyrus; the ansate fissure (an) is cut through, 
laterally of this up to the coronal fissure (cor) is the posterior limb of the 
sigmoid gyrus. The first three external convolutions are here distinct 
from one another. 

In Fig. VI. the floor of the Sylvian fissure, Le. the island of Reil, is 
seen to be overlapped by the anterior end of the posterior composite con- 
volution. The post-rhinal fissure (p. rh) is shallow. It will be noticed 
that the strand running to the superior convolution is nearly vertical: in 
Fig. V. the strand running to the part of the superior convolution 
medially of the ansate fissure goes obliquely upwards, hence the position 
of the strand gives some indication of the place of junction of the 
sigmoid gyrus with the part of the superior convolutions lying behind it. 

Fig. VII. passes through the middle of the soft commissure and just 
behind the summit of the Sylvian fissure as it is seen from the surface ; 
in the section however the Sylvian fissure—a longish narrow slit—is seen 
to be arched over by the Sylvian convolution, the posterior 2 gion con- 
volution is here distinct from the posterior composite. 

Between sections VI. and VII. the first mesial infolding of the unci- 
nate lobe occurs. 

Sections VIII. and IX. in their mesial dorsal portions were not parallel 
to the previous sections. For the course taken by them cf. Figs. 17 to 20. 
A little behind section VIII. the connection of the thalamencephalon 
with the cerebral hemispheres ceases. The curving posterior part of the 
second or inferior convolution is seen in Fig. VIIL, to be cut through, the 
small gap shown in it is the ecto-sylvian fissure cut across at its posterior 
dorsal curve. The infra-callosal portion of the uncinate lobe is seen. © 

In Fig. IX. the ventral recurved portion of the third or median con- 
volution is seen below the inferior convolution. In this and in the pre- 
vious figure the shallow post-rhinal fissure lies a little laterally of the end 
of the descending cornu of the lateral ventricle, so that the uncinate con- 
volution forms a small part only of the lateral boundary of the eens 
cornu. 

Fig. X. passes close to the end of the supra-callosal convolution. 
Owing to the curved course of the ecto-lateral fissure it is twice cut in 
this section. 

It will be noticed that this section passes posteriorly of the descending 
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cornu of the lateral ventricle; from Figs. 19, 21, Pl. VIII. it will be 
seen that behind this section there is a not inconsiderable portion of 
cortex. 

One point further remains to be mentioned; the position of the corpora 
geniculata is in the dog very different from that which they have in man 
(cf. Forel’, Tartuferi’). I give two figures to illustrate this. Fig. 24 is 
a ventral view of a dog’s brain, on the left side of the brain the parts of 
the cortex which overlap the optic tract have been cut away; the optic 


tract is seen to run anteriorly and laterally of the internal corpus 


geniculatum ; the external corpus geniculatum not being visible from 
this point of view. Fig. 23 shows the same brain from the dorsal side, 
the cortex is sliced away unequally on the two sides; on the left side the 
optic tract is seen curling dorsally and apparently forming the projection 
of the external: corpus geniculatum ; this body thus occupies in the dog 
very nearly the position of the posterior part of the pulvinar of the brain 
of man, it is called by Tartuferi the eminentia thalamo-geniculata since, 
according to him, the external corpus geniculatum forms the superficial 
portion only of the eminence, the inner grey mass being part of the 
pulvinar ; the internal corpus geniculatum lies below behind and mesially 
of the external. On the right side it is seen that the cortex of the 
uncinate lobe extends between the corpora quadrigemina and the corpora 
geniculata. 


DESCRIPTION OF FIGURES. 
Piate VII. 


In Figures | to 8 inclusive the relative depth of the fissures is indicated 
after the method of Pansch by the thickness of the lines pet 
them. 


Figs. 1, 2, 3 are taken from one dog. Figs, 4 and 5from another. Fig. 
6 from the brain of a puppy. In Figs. 2, 3, and 5, olf marks the space 
between the olfactory tract and the orbital lobe, the breadth of the line 


1 Forel. Beitrige zur Kenntniss des Thalamus opticus und der ihn umgebenden 
Gebilde bei den Siugethieren Sitzungsb, d. k. Akad. in Wien. Bd. uxvi. p. 25, 1872. 
‘* Unters. ti. d, Haubenregion u. ihre oberen Verkniipfungen in Gehirne d. Menmhen | u. 
einiger Saugethiere.” Arch. f. Psychiatrie. Bd. vn, Hf. 3, p. 293, 1877. 

2 Tartuferi. ‘* Studio comparativo del tratto ottico e. dei corpi omoas Mémorie 
della Reale Accad. scienze di Torino, Ser. u. T. 34, 4. 
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indicates the distance from the surface to the bottom of the olfactory fissure 

which is here hidden by the olfactory tract. In the description of Figs. 1 to 

9 the chief only of the variations from the typical fissures of the ei brain 
are mentioned. 

Fig. 1. cor does not join?; the position of an is different on the two 
sides ; an’ joins J, the position of an’ being different on the two sides; on the 
left side ¢. 7 is shorter than on the right and it joins /; p. / is transversely 
placed and joins e. 7 on the right side. 

Fig. 2. There are many p. sy is 
absent. 

Fig. 3. There are many shallow fissures and depressions; p. ¢. sy is 
absent ; sy joins a. ¢ sy; a. 8. sy joins a. e. sy; there is a nearly vertical 
fissure in P. E. 8Y. | 

Fig. 4. There is a fissure running into cor. from the posterior part of 
cor, it is placed farther back on the left side than on the right; pr. cr absent 
on the left side unless it be supposed to be joined to cr; ¢. 7 runs farther 
forward on the left side than on the right ; / and p. / differ on the two sides ; 
there is a fissure in front of an’ from a. e. sy. The apparent anterior end of 
the splenial fissure is a small isolated fissure ; the splenial fissure in this case 
did not reach the dorsal surface of the brain, — 

Fig. 5. a. 8. sy joins a. e. sy, on the right side; which in several points 
was more ‘normal’ than the left, this was not the case; a. ¢. sy and p. «. sy 
are not united, from the latter run several short fissures; there are several 
shallow ‘fissures in the Ist and 2nd convolutions. (A small portion of the 
island of Reil shows here in consequence of the Sylvian fissure being slightly 
dragged open.) Fissure running from s. or (apparently posterior end of it) is 
very marked, cf. Fig. 2, 3, 16. | 

Fig. 6. 8. or has different positions on the two sides; there is a fissure 
(? pr. er) running from cor into P. 8. G.; cor is not joined to Z on the left side; 
lis interrupted on the left side, nearly interrupted but in a different place on the 
right side; on the right side it is somewhat doubtful which fissure represents 
an’; e. | joins 1 on the left side; on the right side p. 7 is apparently broken 
and its anterior part joined to «. 7. 2 

Figs. 7 and 8 are copied from Pansch (18) (his Figs. 20 and 6 respectively). 
In this and in the following figure the fissures are named er 
system adopted in this paper. 

Fig. 7. cor is isolated on the left side ; an’ joins 1. 

Fig. 8. 8. or is isolated ; a. sy does not join p. sy; 
the relative positions of / dad p. tis ‘onsican, mm cf. Fig. 4 left side ; there 
is a nearly vertical fissure in P. E. 8Y. 

Fig. 9. (Copied from Wilder(”), his Fig. 12); p. ¢. sy absent or joins top 
of sy; cor isolated ; an’ joins /, 
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Fig. 10. Semi-diagrammatic sketch of part of the right side of the brain 
of a dog to show the connection which occasionally occurs between .the 
anterior supra-sylvian and anterior ecto-sylvian fissures. 

Fig. 11. Outline sketch of part of the anterior mesial surface of the brain 
of a dog to show the fissure which sometimes runs from the summit of the 
crucial towards the genual fissure. 
| Figs. 12 and 13. Diagrams to illustrate the connections of the convolu- 

tions of the brain of the dog—according to the views of Leuret and Gratiolet 
(Fig. 12) and according to the views of Meynert (Fig. 13). The names 
given are those adopted in this paper; in addition to the symbols given in 
the index are used (INT) =internal convolution of Leuret and Gratiolet; 
(a. F) = gyrus fornicatus of Meynort; br=a spot where the fissure is some- 
times broken. 

Figs. 14 and 15. Copied from Krueg to show fissures seen wheit the 
Sylvian fissure is opened (a. ¢. sy; p. ¢. sy and s. or. are differently named by 
Krueg, cf. p. 266). 

Fig. 16. Right side of brain of dog; the Selvien convolution has been 
cut away to expose the island of Reil. The e. / fissure is here unusually 
short, on the right side it consisted of two small separate fissures ; p. / is here 
isolated on the right side although having much the same course it joined 7. 


Puate VIII. 


Figs. 17 to 21 inclusive are figures of the right side of the brain of a 
mongrel terrier. Figs. 17, 18, 19 are respectively lateral, dorsal and mesial 
views; Fig. 20 is a ventral and somewhat lateral view ; Fig. 21 represents the 
' posterior surface of the hemisphere, This brain was cut into slices, the plane 
of the cuts being roughly at right angles to the median longitudinal fissure, 
the actual direction of the euts is indicated by the lines marked I, to X. The 
convolutions and fissures are not marked in these figures, since they can at 
once be made out by reference to the Figs. 1, 2, 3 in the text. 

Figs. I. to X. represent the anterior surfaces exposed by the cuts I. to X. 
respectively. 

Fig. 22. Section of the right hemisphere of a dog to show the projection 
of the anterior parts of the external convolutions over the sub-orbital lobe. 

Figs. 23 and 24. Dorsal and ventral views respectively of the brain of a 
dog to show the position of the corpora geniculata, and the connection of the 
external corpus geniculatum with the optic tract. The dorsal surface of both — 

hemispheres. has been cut away, the cut being deeper on the right side 
_ (passing through the nucleus caudatus, optic thalamus and descending cornu 
of the lateral ventricle). On the left side the cortex has been further removed 


to an extent sufficient to show the optic tract, external corpus geniculatum 
and optic thalamus. 
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INDEX OF SYMBOLS. 


CoNVOLUTIONS. 


a.c. Anterior composite convolution, i.e. the convolution formed by the 
anterior united ends of the four external convolutions, this with the anterior 
Sylvian convolution forms the operculum of Lussana and Lemoigne and of 
Meynert. 

A. BE. 8Y. Anterior ecto-sylvian convolution. 

A. 8Y. Anterior Sylvian convolution. 

A. 8G, Anterior limb sigmoid gyrus. 

cor. Coronal or anterior supra-sylvian convolution. 

D. Dentate convolution. 

E.L. Ecto-lateral convolution = that part of teed convolution which lies 
medially of ecto-lateral fissure and of its continuation to the ansate minor 
fissure. 

EN. L. Ento-lateral convolution = that part of first convolution which lies 
between the ento-lateral fissure _ its continuation to the ansate) and 
the lateral fissure. 

G. Genual convolution. 

1. Inferior convolution = second external convolution. 

Island of Reil. 

m. Median convolution = third external 

M. E. 8¥. Median ecto-sylvian. 

0. L. Olfactory lobe. 

or, Orbital lobe = part of sub-orbital lobe of Leuret and Gratiolet. 

o. T. Olfactory tract. 

@, Posterior composite convolution = the formed posteriorly 
by the united ends of the four external convolutions. 

P. E. 8Y. Posterior ecto-sylvian convolution. 

PR. Prorean convolution. ) 

PR. SP. Pre-splenial convolution. 

p. 8. SY. Posterior supra-sylvian convolution. 

p. 8S. G. Posterior limb sigmoid gyrus. 

p. 8P. Post-splenial convolution. 

p. sY. Posterior sylvian. 

s. Superior convolution = fourth external convolution. 

s.c. Supra-callosal convolution. 

_ sy. Sylvian convolution = first external convolution. ~ 

8. PR. Sub-prorean convolution. 
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Splenial convolution. 

s. 8P. Supra-splenial convolution. 
Uncinate convolution. 

First external convolution = Sylvian. 


Second ,, 
Third _,, 
Fourth _,, 


st = Ecto-sylvian or Inferior. 
” = Supra-sylvian or Median. 
= Superior. 

FIssuREs. 


a. @. sy. Anterior ecto-sylvian. 
a, 8. sy. Anterior supra-sylvian. 


e. sy. Ecto-sylvian, 

g. Genual, 

ol. Intra-olfactory. 

i. or. Intra-orbital. 

a. Inferior recurrent. 
Lateral, 
ol, Olfactory (Krueg). 
p. cr. Post-crucial. 

p. sy. Posterior ecto-sylvian. 
p. l.. Post-lateral, 

p. rh. Post-rhinal. 

pr. Prorean, 

pr. cr. Pre-crucial, 

pr. sp. Pre-splenial. 

p. 8p. Post-splenial. 

p. 8. sy. Posterior supra-sylvian 
r. Rostral, 

rh. Rhinal. 

8. or. Supra-orbital. 

s. 7. Superior recurrent. 
sp. Splenial. 

8. sp. Supra-splenial. 


| 

| 
4a 
4 
an. Ansate, 
, 
an. Ansate minor. 
ca. Callosal. 
cor. Coronal. 
4 ial 
4 cr. Crucial. 
de. Dentate. 
Ecto-lateral. 
3 en. l. Ento-lateral. 
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s. sy. Supra-sylvian. 

sy. a. Sylvii anterior (Krueg). 
sy. ac, Sylvii acuminis (Krueg). 
sy. p. Sylvii posterior (K rueg). 
sy. Sylvian, 


‘Parts OF THE BRAIN OTHER THAN CONVOLUTIONS AND FISsURES. 


a,c. Anterior commissure and its bundles which run forward in the olfactory 
lobe. 

a. p. f. Anterior pillar of the fornix on its way to the corpus mammillare, 

c.c. Corpus callosum. 

ce. g.e. Corpus geniculatum 

c. g. i, Corpus geniculatum internum, 

cl, Claustrum, 

c.m. Corpus mammilare (in Fig. 20 anterior aig 

ce. r. Corona radiata, 

c. q. a. Corpus quadrigeminum anterior, 

c.q. p. Corpus quadrigeminum posterior. 

cr.c, Crusta of crus cerebri, 

cr. c. q. p. Crus (brachium) of corpus quadrigeminum posterior. 

cr. p. Crus (peduncle) of pineal gland. | 

d.1.v. Descending cornu of lateral ventricle, 

e.c, External capsule. | 

f. Fornix. 

i.c. Inner capsule, 

inf. Passage from third ventricle to infundibulum. 

l. v. Lateral ventricle, 

m.¢, Middle or soft commissure. 

n. ¢. Nucleus caudatus. 

n. Nucleus lenticularis, 

o. ch, Optic chiasma, 

o. t. Optic tract. 

o. th. Optic thalamus. 

tr. Bundle of longitudinal fibres above anterior and external part of corpus 

callosum. 

V..d’. A. Bundle of Vicq d’Azyr running from corpus mammillare to the 
anterior nucleus of the optic thalamus. 

3v. Third ventricle. 
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REPORT ON THE PARTS DESTROYED ON THE RIGHT 
SIDE OF THE BRAIN OF THE: DOG OPERATED ON BY — 
Pror. GOLTZ. By J. N. LANGLEY, MA, FRS. Fellow 

of Trinity College, Cambridge: [Plates IX. and X.]. 


Ir will be convenient to take first thé Superficial extent of the injury, 
and having determined this to proceed to the depth of the injury as 
shown by transverse the — 


PART I. 
Description of the surface of the right half of the brain. 


The greater part of the wound was covered with a dense, very tough 
mass of connective tissue, three to four or more millimetres thick, the 
upper edges of this mass were drawn somewhat inwards by the traction 
exercised by the central portion: The limits of this mass are repre- 
sented in the figures by thick palisading (mum). In certain places, as 
in the posterior composite convolution (Fig. 14, Pl. IX.) and along the 
mesial part of the lesion in Fig. 18, Pl. IX., the thick mass of connective 
tissue did not extend to the edge of the wound, its deeper finer connec- 
tive tissue fibres alone passing on; this varied from *5 to 15 m.m. in 
thickness; it is represented in the figures by thin palisading (sm), 
Further the pia mater bordering the wound was usually thickened, often 


considerably. 


Two photographs are given of the right side of the brain (Figs. 1, 
2, Pl. X.); both are very bad, but they will serve to show the untrust- 
worthiness of the wdod-cuts of the brain which were given in the pre- 
liminary account ; thus in thé wood-cut of the right side of the brain the 
thick mass of connective tissue at the posterior region of the cortex 
(cf. Figs. 15, 19, 20, Pl. TX.) is represented as uninjured cortex; this is 
only one of many errors; for these wood-cuts the Committee were not 
responsible,—in the haste consequent on the desire to publish a Pre- 


- liminary Report in the Transactions of the Society the wood-cuts were 


inserted without having been submitted to the Committee. 

Fig. 13, Pl. IX., is a sketch of the right half of the brain viewed laterally 
and somewhat ventrally. The relative depth of the fissures is indicated — 
by the thickness of the lines. 
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‘In front and ventrally is seen the olfactory lobe (oL), with the rhinal 
fissure (rh) bounding it dorsally; in the posterior part of the olfactory 
lobe is the inter-olfactory fissure (7. ol), shallow at both ends. 

Dorsally of the rhinal fissure is the orbital lobe (OR), with a shallow 
inter-orbital fissure (¢.or); anteriorly and dorsally of the orbital lobe is 
the prorean fissure (pr) and convolution (PR); dorsally of the orbital 
convolution is the supra-orbital fissure (s.or) disappearing underneath 
the lesion at one end and joining the rhinal fissure at the other. 

Fig. 17, Pl. IX., represents the surface of the brain which lies under- 
neath the anterior part of the connective tissue mass. The supra-orbital 
fissure is seen to be joined by the prorean fissure, which at this point is 
very shallow, the junction occurring just within the lesion (cf. Fig. 13, Pl. 
IX.). The lesion is seen to run a few millimetres from the mesial border 
of the anterior limb of the sigmoid gyrus, to curve round anteriorly 
in the prorean convolution, to run backwards across the anterior end 
of the supra-orbital fissure. 

The rhinal is connected posteriorly with the sylvian fissure (sy), cf. 
Fig. 13. The ventral part of the uncinate lobe was folded forwards 
_ over the ventral part of the olfactory lobe, the depression (a) formed by 
the fold was 1 to 2m.m. deep except at the ends where it was quite 
shallow; the dorsal part of the olfactory lobe was prolonged backwards 
as a tapering convolution between the uncinate and anterior composite 
convolutions ; at its end it was sunk below the surface, was covered by 
a good deal of connective tissue and was partially overlapped by the 
anterior composite convolution; on pushing this aside and on dissecting 
away the connective tissue, the fissure (b) was seen to become a mere 
shallow depression as it approached the rhinal fissure; this is shown in 
Fig. 18, Pl. IX. Since this fissure, although in its median portion fairly 
deep (cf. Fig. 7), is not present in the normal brain, it was probably 
formed by a folding forward of the uncinate lobe. 

Dorsally of the supra-orbital fissure and of the parts of the rhinal and 
sylvian fissures’ with which it is posteriorly continuous is the anterior 
composite convolution (A.C); running into the anterior part of this is 
seen the end of the coronal fissure (cor). 

On dissecting away the connective tissue dorsally of the posterior part. 
of the anterior composite convolution a shallow fissure about 6 m.m. long 
was found, posteriorly it became superficial owing to the cortex bounding 
it being removed. It represents in all probability the anterior ecto- 
sylvian fissure (a.¢.sy). It is shown from the surface in Fig..18, It just 
came down to the edge of the thinner connective tissue mass (cf. p. 286). 
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No trace of the supra-sylvian fissure could be found. Hence the lesion 
runs across the coronal fissure 3 to 4 millimetres from its end in front of 
the supra-sylvian and across the end of the anterior ecto-sylvian fissure, 
so that the surface of the anterior sylvian and that of the anterior ecto- 
sylvian convolutions had been removed ; the coronal convolution and the 
anterior limb of the sigmoid gyrus have each a small anterior intact piece 


_ around the coronal fissure. 


In the posterior part of the brain (Fig. 13) dorsally of the uncinate © 


lobe is a shallow fissure (c), it emerges from the lesion and after a short 


course it becomes suddenly deeper and then joins the splenial fissure (sp). 
On removing the connective tissue over the anterior end of (c) it can be 
traced about 3 m.m. in a curving course upwards and dorsally, its end is 
on the surface of the cortex underneath the connective tissue, Thus it 
starts from the Island of Reil. Its starting from the Island of Reil, its 
shallowness and its connection with the splenial (cf. below, p. 302) all 
point to its being the post-rhinal fissure, but its position with regard to. 
the descending cornu of the lateral ventricle in transverse sections of 
the brain (cf. p. 301) is not easily reconciled with its being the post- 
rhinal fissure, 

If (c) is not the post-rhinal fissure, then the post-rhinal fissure must 
have disappeared in this brain, since there is no fissure ventrally of (c) 
and since the post-rhinal is always present in the normal brain. It is 


possible to imagine that (c) represents a small isolated fissure in the 


posterior composite convolution which has become connected with the 
splenial fissure, or again that it may represent the end of the posterior 
supra-sylvian fissure which has become similarly connected (cf. p. 302). 

There can be little doubt that the sylvian fissure has been dragged | 
open, so that the apparent dorsal portion of the uncinate convolution i is 
part of the island of Reil. 

From the above it follows that the lesion runs ventrally of the pos- 
terior ecto-sylvian fissure, supposing that to have been present before 
the injury ; its further course is not certain because we cannot be certain 
what the fissure (c) represents; we can however give the limits within 
which the lesion must run, if (c) is the post-rhinal the lesion runs across 


_ the ventral portion of the posterior composite convolution, leaving a very 


small portion only of this intact ; if (c) is the end of the posterior supra- 
sylvian fissure, then the lesion runs from the sylvian fissure across the 
posterior composite convolution into the ecto-sylvian convolution, leaving 
a small ventral portion of this intact. The possible cain in wes extent 
of the lesion are shown in Fig. I. in the text (p. 292), 
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» ‘Fig. 14 is a sketch of the mesial dorsal surface of the brain viewed a 
little from the side. ) 

In the anterior part the crucial fissure (cr) is seen to be cut across 
by the scar close to the mesial border. The line (..-.-- ) which — 
notwithstanding its direction might be mistaken for the crucial fissure 
in the photograph (Fig. 1, Pl. X.) is a cut made in removing the brain 
from the skull. In the middle third of the figure is seen the lateral 
fissure (7) cut across posteriorly by the lesion, and mesially of the 
posterior part of the lateral is seen the ento-lateral fissure (en. 1.) also 
cut across by the lesion. Just curving round the mesial dorsal surface 
ef the fourth convolution a little in front of the ento-lateral fissure 
is the anterior end of the splenial (sp). 

Running into the lateral fissure anteriorly is a short, rather shallow, 
nearly transverse fissure (d); it is not quite clear what this fissure is, its 
connection with the lateral and its continuation past the lateral under- 
neath the scar suggest that it is the ansate, and that its apparent 
continuation past the lateral is the coronal; on the other hand the 
ansate is rarely removed so far from the crucial (still no great weight 
can be placed on this since it is sometimes at a distance from the 
crucial fissure, cf. Structure of the Dog’s Brain, p. 257, Fig. 1, Pl. VIL), 
further it is shallower than the ansate is in the normal brain, and lastly 
there is not infrequently in the position of this fissure (d) a short 
transverse fissure behind the ansate which may be connected with the 
lateral. On the whole however I am inclined to think that it is the 
ansate (cf. also p. 297). 

_ If this is not the ansate, then the ansate must have been completely 
removed by the operation, and the uninjured surface in front of the 
fissure (d) would belong to the pre-splenial and other parts of the 
superior convolution behind the posterior limb of the sigmoid gyrus, 
and the posterior limb of the sigmoid gyrus would be almost entirely 
removed, There is no sign of a post-crucial fissure, since this is nearly 
always present the injury probably passed mesially of this, A depres- 
sion (e) is seen mesially and in front of the ansate, it is apparently 
formed by a folding forward of the mesial dorsal border of the convolu- 
tion. 

The surface of the brain about the ansate, lateral and coronal fissures, 
was somewhat injured in removing the brain from the skull, hence in 
part the indistinctness of the photograph Fig. 1, Pl. X. in this region. 

- Within the limits of this figure then the parts with intact surfaces 
are the mesial portion of the posterior limb of the sigmoid gyrus, the 
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part of the fourth convolution which lies between this and a line passing 
obliquely backwards across the posterior part of the lateral and ento- 
lateral fissures to the mesial border of the brain, and a very small 
median strip of the third convolution bounding the lateral fissure. It 


is seen that the dorsal posterior portions of the third.and fourth con- 


volutions are entirely removed. 

With the exception of its posterior part, the mesial surface is 
uninjured ; a sketch of the posterior part is given in Fig. 15, Pl. IX. 
The scar runs across the supra-splenial fissure (s. sp), the splenial 
convolution (sp), and extends down to the splenial fissure. It will 
be noticed that the cerebrum scarcely projects at all over the cere- 
bellum, the place of the ordinarily projecting cerebrum is taken by 
a thick mass of connective tissue (sc). 

Fig. 19 shows the posterior part of the brain (the part behind 
section 12), the splenial fissure (sp) is seen to be continuous with the 
fissure marked (sp) in Fig. 13. The lesion runs across the splenial 
convolution dorsally just up to the supra-callosal convolution, and then 


_ proceeds downwards and backwards in the splenial convolution to the 


posterior composite. — 

Since neither the post-splenial, the post-lateral, nor the ecto-lateral 
fissures are to be made out, there are with intact surfaces in the 
posterior region of the brain only the uncinate lobe and small portions 
of the splenial and posterior composite convolutions, 


There are then the following convolutions or parts of convolutions 
remaining with intact surfaces, 


PARTS OF THE CORTEX WITH INTACT SURFACES. 


The sub-orbital lobe. The whole, except the lateral, posterior 
part of the prorean convolution. 

The internal convolution. The whole, ie. the genual, supra- 
callosal, and uncinate convolutions, the dentate and aig lobes and 
the island of Reil. _ 

The fourth convolution. A small anterior, lateral portion of the 
anterior limb of the sigmoid gyrus at the end of the coronal fissure. 

A small mesial, dorsal portion of the anterior limb of the sigmoid 


A somewhat larger mesial, dorsal portion of the posterior limb of the 
sigmoid gyrus. (It is possible that a very small part ena of the 
posterior limb of the sigmoid gyrus is left.) ~ 
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The mesial surface except posteriorly where it is cut across by a line 
starting dorsally 3 m.m., and ending ventrally 6°5 m.m. behind the level 
of the corpus callosum ; for 3 to 4 m.m. behind this the whole of the 
surface of the fourth convolution is affected, still further back a portion 
of the splenial convolution bounding the splenial fissure is left with 
intact surface. 

The dorsal surface behind the ansate fissure up to a line passing 
obliquely backwards and mesially across. the posterior third of the ento- 
lateral fissure (i.e. the ento-lateral convolution except a small posterior 
part ; the anterior two-thirds, about, of the supra splenial convolution). 

The third convolution. A fragment at the anterior end of the 
coronal convolution. A mesial strip of 2 to 3 m.m. from the ansate 
fissure to within a short distance of the end of the ento-lateral fissure. 
(Possibly the part just behind the ansate was removed.) 

The second convolution. Possibly a small piece of its posterior 
ventral recurved portion. 

The anterior composite convolution. The whole except a strip 
along its dorsal ‘border from the coronal to the anterior ecto-sylvian 
fissure. 

The posterior composite convolution. Possibly the greater 
portion of its lateral part, possibly only a small portion of its lateral 


_ From the above the injured convolutions can readily be made out, 
but it will perhaps make the matter clearer to give them separately. 


PARTS OF THE CoRTEX WHICH HAVE BEEN INJURED. 


Sub-orbital lobe. The posterior lateral part of the prorean 
convolution. 

Fourth convolution. The dorsal surface of the anterior limb of 
the sigmoid gyrus, except a small part of the mesial and of the lateral 
anterior regions, 

The posterior limb of the sigmoid gyrus, except part of the mesial 
surface in front of the ansate fissure (possibly nearly whole). 

The posterior third of the ento-lateral convolution. 

The posterior part of the supra-splenial convolution, starting a little 
behind the posterior third of the ento-lateral fissure. 

The post-splenial convolution. | 

The dorsal part of the posterior third (about) of the splenial 
convolution (the injury starts from a point 3 to 4 m.m. behind level of 
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splenim of corpus callosum; for a short distance the surface right across 


the convolution is removed). 
, The third convolution. The coronal, sxoapt a small piece at its 
anterior end. 

The ecto-lateral, except a small mesial strip 2 to 8 mm. wide -from 
the ansate to the posterior third of the ento-lateral fissure. 

The posterior supra-sylvian. 

The second convolution. Probably the whole, saath a small 
piece of the ventral recurved posterior end is left. 

The first convolution, The whole. 

The anterior composite convolution. A dorsal strip from the 
coronal to the anterior ecto-sylvian fissure. 

The posterior composite convolution. Nearly all the posterior 
region. Of the lateral region probably a dorsal strip, possibly more. 

The wood-cuts, Figs. 1, 2, 3, represent diagrammatically the extent 
of the lesion. 

In these figures the fissures which are present in all dogs’ brains are 
drawn within the limits.of the lesion, but in doing so nothing is meant 
to be suggested as to the actual course which these fissures took in the 
brain of Goltz’ dog before the lesion. It is quite possible, for instance, 
that on the side view of the brain (Fig. 1) the ends of the post-lateral 
and ecto-lateral fissures would not have been seen. What is meant is 
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that since in all dogs yet examined these fissures are met, we can assume 
that they were present in this dog; and consequently that the convolu- 
tions which they normally limit have been removed. One fissure, the 


\ 


posterior ecto-sylvian, is however inserted within the limits of the lesion 
which it is possible was not present in this brain (cf. Structure of the 
Dog’s Brain, p. 254). I have inserted it since it isin most cases present 
and according to Krueg always occurs. 3 
The limits of the superficial injury are marked with a thick broken 
line, it will be noticed that the whole of the posterior part of the dorsal 
surface (Fig. 2) lies: within the injured area, we have seen that in two 
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places it is not certain through what parts of the brain the injury passes. 
A brief re-statement of the possible limits of injury in these parts may 
serve to prevent the figures from being misunderstood. 

The homology of the fissure (d) (cf. Fig. 14, Pl. IX.) is uncertain, it 
may be the ansate or it may be a small isolated fissure usually uncon- 
nected with the lateral, in the former case (d) of Figs. 1 and 2 is the | 
ansate and the lesion runs laterally of it; in the latter case (an?) of 
Figs. 1 and 2 represents the ansate and the lesion runs mesially of it. 

The homology of the fissure (c) (cf. Figs. 13, 19, Pl. 1X.) is also uncer- 
tain, it may represent the post-rhinal fissure (p. rh) in which case the 
lesion takes the course shown by the lower broken line in Figs. 1 and 2; 
or it may represent a rare unimportant fissure of the posterior composite 
convolution, in which case the post-rhinal fissure must have disappeared, 
and all that we can say is that the lesion runs in the posterior composite 
convolution probably in the course shown by the middle broken line. 
To both the above cases the thin curved line from the posterior supra- 
sylvian fissure in Fig. 1 has no reference, this refers to the third 
possibility, viz. that (e) represents an unusually long and recurved end 
of the posterior supra-sylvian fissure, the lesion there having the course 
shown by the upper broken line in Fig. 1. 

In these figures the area of the cortex from which the grey substance 
has been entirely removed is also shown. For the most part the limits 
of the lesion coincide with the limits of complete removal of grey — 
substance, where this is the case no additional outline is given, where 
this is not the case the limits of the area from which the grey substance 
has been completely removed is shown by a thin broken line (---); the 
evidence with regard to the removal of the grey substance is contained 
in the second part of this paper. 


PART IL. 


The Depth of the Lesion in various parts of the Brain. 


In order to determine the depth of the lesion twelve vertical sections 
were made through the brain; one or other of the surfaces exposed by 
~ each section has been carefully drawn (Figs. 1—12, Pl. IX.). The position 
of the various sections is shown in Figs. 13—16, Pl. IX. 

Further, from each slice of the brain thus obtained sections have been 
prepared for microscopical examination, These sections are useful for 
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determining the extent to which connective tissue has encroached on the 
nervous tissue underneath the lesion; for details of the structure of the 
cortex they are almost useless, the handling which the brain underwent 
in preparing photographs from it and its stay in aleohol—whilst drawings 
of the vertical sections were being made—have affected the cortex cells 
so that they stain in a very unsatisfactory manner. In the greater 
part of the cortex the nuclei only of the cells stain, the nuclei being 
surrounded by a more or less spherical unstained area’. 

I shall take the sections in succession, mentioning those points which 
indicate the extent of the lesion. 

Fig. 1. In Fig. 1 we see that there is in the posterior part of the 
prorean convolution (PR) a vertical cut (s) of some depth in the white 
substance; the grey substance immediately above the white strand has 
been completely removed, laterally of this a good deal of grey substance is 
left; medially the prorean convolution is intact, anteriorly it has suffered 
further injury (cf. under Fig. 17). The prorean fissure (pr) is here very 
shallow. Here, as elsewhere along the mesial border, the cortex has been 
dragged laterally by the retraction of the scar; normally the end of the 
prorean strand points to the line of junction of the mesial and dorsal 
surfaces. 

The upper portion of the orbital convolution is covered by a thickened 
pia mater, but no part of it is removed ; this portion is curved back un- 
derneath the anterior composite convolution (A.C.), it ends immediately 
behind this section (cf. Figs. 13 and 17). 

Fig. 2. The strand of white substance which curves laterally to the 
anterior limb of the sigmoid gyrus, where it projects over the orbital 
lobe*, is cut through and the parts above it removed. In this strand 
there is a nearly vertical cut (s) continuous with the cut in the prorean 
strand (Fig. 1). 

The bulging end of the anterior composite convolution (A.C.) is shown ; 


1 The nerve cells of the different parts of the cortex resist very unequally the injurious 
action of a too prolonged stay in hardening agents: the cells of the five- or six-layered 
cortex are easily injured, and it has seemed to me that the angular cells are first affected, 
that the cells of the 3rd layer are affected before those of the 2nd, and the cells of the 2nd 
layer before the large ganglionic cells; parts of the cortex where the fusiform cells 
predominate preserve their normal appearance for a very long time, thus in the ventral part 
of the sub-prorean convolution the fusiform and small pyramidal cells (which alone are 
present) stain well at a time when only the nuclei of the five-layered cortex can be brought 
into view; the large nerve cells of the dentate convolution and of the thin layer of cortex 
below the callosal fissure are also very resistant, resembling in this respect the nerve cells 
of the base of the brain. 

2 Cf. Structure of the Dog's Brain, p. 278 of this Journal. 
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the supra-orbital fissure completely separates it from the rest of the brain ; 
part of its dorsal surface has been removed and issuing from this surface 


- a central strand is faintly seen, this strand was more distinct in micro- 


scopical sections ; normally it was, without doubt, the continuation of the 
laterally running strand spoken of above. 

Fig. 17. Some further details as to the extent of the injury may be 
gathered from this figure, it represents the surface of the brain from a 
little in front of section 1 to section 3, after the connective tissue of the 
scar had been dissected away. The dotted line marks the limits of the 
connective tissue mass. The line (s) indicates the limits of the cut seen 
in Figs. 1 and 2 in the strand of white substance. It is seen that the 
cut runs forwards and laterally in the prorean convolution, widening as 
it. goes. By the removal posteriorly of the parts bounding this cut, the 
bottom of it lies in Fig. 3 on the surface of the lesion. The supra-orbital 
fissure is seen to end a little behind section 2. 

Fig. 3. The strand continuous anteriorly with the prorean is here 
distinctly divided into two strands. We have seen (Structure of the 
Dog’s Brain, p. 278), that the lateral strand is connected with the anterior 
limb of the sigmoid gyrus and with whatever parts of the other three 
external convolutions lie laterally of this, Here not only is the grey 
substance removed above the lateral strand but the strand itself is 
almost completely cut through. 


The amount of grey substance lying medially of the strand is relatively 
greater than in any other brain which I have examined (cf. Structure of the | 
Dog’s Brain, Figs. ITI. and 22, Pl. VIII.). In making successive sections 
from section 2 to section 3, the isolated anterior composite convolution of 
Fig. 2 was seen to become connected with the mesial part of the brain at its — 
dorsal mesial border by means of grey substance, the upward curling portion 
of the supra-orbital fissure becomes then rapidly shorter until it has the course 
shown in Fig. 3; in front of Fig. 3 the lateral strand is completely cut through. 


The fissure seen just below the scar is the coronal (cor) ; in this brain 
the anterior composite convolution projected much less than usual over 
the sub-orbital lobe, by the retraction of the scar a part of the surface 
previously in contact with the sub-orbital lobe has been made part of the 
external surface ; so we find more of the prorean and orbital lobes exposed 
than in other brains and the end of the coronal fissure farther back. 
Hence a small part only of the bit of intact cortex dorsally of the coronal 
fissure in Fig. 13 belongs to that part of anterior limb of the satu 
gyrus normally seen on the surface of the brain. 
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Dorsally and medially is seen the anterior end of the posterior limb 
of the sigmoid gyrus (P.S.G.). 

Fig. 4. Here the lesion passes right across the lateral nrand, cuts the 
crucial fissure (cr), and passes through the posterior limb of the sigmoid 
gyrus, leaving a small mesial portion intact; thus the bundle of fibres 
which normally passes from the lateral strand to the posterior limb of 
the sigmoid gyrus has been in part of its course completely removed, a 
few fibres only being left in the sigmoid gyrus immediately under the 
connective tissue of the scar. The anterior composite convolution still 
shows one strand only of white substance. | 


The depression which is seen a little medially of the lateral strand in 
Figs. 3 and 4 is sometimes present in the normal brain. 

Section 5 was not parallel to sections 4 and 6, the piece 4 to 5 was 
thicker mesially than laterally, the piece 5 to 6 was thicker laterally than 
mesially. 

Fig. 5 represents another section through the posterior limb of the 
sigmoid gyrus ; nearly all the nerve fibres curving into it from the corona 
radiata (lateral strand) are cut through ; there is merely a shred of tissue 
connecting it with the rest of the brain ; laterally all the grey and nearly 
all the white substance has been removed down to the strand of the 
anterior composite convolution. Probably the end of the supra-sylvian 
fissure was in the sound brain between this and the preceding, so that. 
probably, besides the upper half of the anterior composite, the whole of 
the median convolution has been removed at this level. 

The crucial fissure is here unusually deep. The orbital convolution 
(OR) ends just behind this section. Close to its end it divides (cf. Fig. 5) ; 
this division was hidden on a surface view eg Fig. 13) by the over- 
lapping anterior composite convolution. 

Fig. 6. It has been already pointed out (p. 289) that it is not certain 
whether the fissure (d) (Fig. 14) which is immediately behind this section 
is the ansate or not ; consequently it is not certain whether the dorsal part 
of the fourth convolution here cut through is a part of the posterior limb 
of the sigmoid gyrus or of the combined supra-splenial and ento-lateral 
convolutions. In favour of the former view it may be urged that the strand 
runs to the convolution less vertically than: it does in the normal brain 
to the fourth convolution behind the ansate, and that there is no trace 
of an ansate fissure in front of it; on the other hand it may be said that 
the strand runs more vertically than is ordinarily the case in the posterior 
part of the sigmoid gyrus, and that the ansate may have been short and 
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entirely removed by ie operation. As I have said, I” incline to the 
former view. 

In this section the nerve fibrés curving round the nucleus caudatus 
from the lower part of the brain are almost completely removed, and a 
microscopic examination of the connecting portion showed that there 
were few if any nerve fibres in this portion, fine connective nage 


stretching down to the lateral ventricle. 


Here the whole of the median and a small dorsal part of the anterior * 
composite convolution are removed ; the latter convolution shows under 
the microscope no distinct bundles of nerve fibres. 

Fig. 7 is taken from a section a little behind the anterior end of the 
splenial fissure (sp), the posterior surface of the section is drawn. 

The fourth convolution is intact; of the third convolution a small 
medial part remains intact. 

The lesion runs very close to the nucleus caudatus, and, as in the 
previous section, I am unable to find any nervous connection between the 
upper and lower parts of the brain outside the nucleus caudatus. 

The lateral ventricle is considerably enlarged, and there is a roundish 
gap in the dorsal and lateral part of the optic thalamus close to the 
nucleus caudatus, this was roofed in by tissue passing from one to the 
other and was not simply an enlargement of the groove in which the 
tenia semicircularis runs, Further a thin strip of the optic thalamus 
from this gap to the inner capsule was degenerated consisting of a 
network of fine connective tissue, posteriorly of Fig. 7 this degenerated 


area increased rapidly extending itself chiefly downwards close to and 


in the dorsal portion of the stratum reticulatum (Gitterschicht, latticed 
layer). 

Under the microscope a band of medullated fibres could be seen 
running down the middle of the cortex below the lesion; apparently 
a good many fibres in this white substance had here degenerated. 
Above the anterior composite convolution neither the first nor the second 
convolution is to be seen. 

Fig. 8. The section runs a little behind the soft commissure and 
immediately in front of the ento-lateral fissure, , 

A small median portion of the third convolution remains, the white 
substance being almost entirely destroyed. From this point down to the 
upper portion of the island of Reil (cf. below) almost everything is 
removed or injured outside the lateral ventricle. The injury in this 
part of the brain is considerably greater than is indicated by the scar. 
The white substance of the corona radiata above the lateral part of 
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the Pore has sieaty all degenerated, its place being occupied by a 
coarse network of connective tissue; from this connective tissue bands 
with various sized gaps in it stretch downwards between the cortex of 
the brain and optic thalami with its adjoining parts. Through this 
connective tissue mass run some bundles of fibres from the crusta 
and optic thalamus and between the upper and lower portions of the 
cortex. 

The cortex bounding laterally the descending cornu of the lateral 
ventricle is thicker than in any normal brain I have seen, but apparently 
some of the fibres of its central white strand had degenerated. 

A piece of the anterior sylvian convolution is seen underneath 
the lower edge of the scar, it appears to have largely atrophied. 

The gap just above the lateral edge of the fornix is continuous 
anteriorly with the enlarged lateral ventricle (Fig. 7). | 

The larger gap with small bands of connective tissue across it is 
continuous anteriorly with the space shown in Fig. 7 in the optic thala- 
mus close to the nucleus caudatus, The tail of the nucleus caudatus is 
here connected with the latero-dorsal boundary of the gap. The dorsal 
boundary of the gap was chiefly formed of connective tissue with 
possibly some nerve fibres, there was considerable degeneration in the 
optic thalamus just underneath the gap and in dorsal strip nearly up to 
the habenular ganglion. : 

Fig. 9. This section passes a little in front of the splenium of the 
corpus callosum, The whole of the fourth convolution is here intact, it 

is divided into three convolutions by the supra-splenial and omer 
fissures. 

The lesion begins just below the lateral fissure and involves nearly 
all the parts of the cortex between this and the island of Reil. In the 
normal brain the white substance of the corona radiata forms in such 
a section as this a fairly broad band (cf. The Structure of the Dog's 
Brain, Pl. VIII. Fig. VIII.), here the place of the mid portion of the 
corona radiata is largely occupied by connective tissue. The area taken 
up by the connective tissue is shown in Fig. 9 by short thin lines. The 
ventral portion of the corona radiata, ie, the white substance of the 
uncinate lobe, was not visible to the eye, under the microscope it 
appeared to have partially degenerated especially in its dorsal portion 
as in the corresponding part of the cortex in Fig. 8. 

The small piece of cortex seen in this section imbedded in connec- 
tive tissue above the island of Reil was continuous with the anterior 
sylvian convolution of Fig. 8, here it consisted chiefly of connective 
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tissue, the nervous elements were largely degenerated and probably 
wholly unfunctional. | 

In the upper part of the external corpus genicu there is a 
relatively large space (continuous in front with the gap in Fig. 8), and 
another smaller space in its lower part just above the optic tract. There 
is thus only a shred of tissue itself largely degenerated connecting the 
cortex with the lower portions of the brain. Further all the parts late- 
rally of the anterior corpus quadrigeminum were much degenerated, con- 
sisting of a rather wide-meshed network apparently of connective tissue 
having many spaces in it, the parts this affected are, besides the ex- 
ternal corpus geniculatum, the anterior part of the internal corpus geni- 
culatum and the posterior projection of the optic thalamus, 

Fig. 10. Backwards from section 9 the lesion again becomes 
deeper. Fig. 10 represents a section through the splenium of the 
corpus callosum just behind the external corpus geniculatum (c. g. e). 
Dorsally the connective tissue stretches up to the lateral fissure, but the 
section shows that there is a small portion of the third convolution 
remaining. Although all the parts laterally of the lateral ventricle are 
not removed, the injury stretches down to the lateral ventricle; for a 
considerable part of its course there is a connective tissue growth 
between the walls of the lateral ventricle firmly fixing them together ; 
laterally of this remains of nervous tissue mixed with connective tissue 
extend to the lower surface of the scar. Posteriorly of the section 
drawn here, the lesion is still deeper, and in the part of the lateral 
ventricle corresponding to the lesion in Fig. 10 the whole of the nervous 
tissue laterally of the ventricle is removed, the connective tissue of the 
scar resting on and being connected with the median (inner) wall of 
the lateral ventricle, i.e. with the mesial-part of the uncinate lobe. | 

Further in sections between Figs. 9 and 10 it is seen under the 
microscope that there is some degeneration in a roughly oval area 
comprising the dorsal third to a half of the corpus geniculatum internum. 
In none of the sections could any trace of the grey substance of the 
corpus geniculatum externum be found, hence if Tartuferi’s view that 
lower grey nucleus of the corpus geniculatum is really the pulvinar of 
the optic thalamus be true it follows that the pulvinar had completely 
disappeared. Although there were no nerve cells left in the corpus 
geniculatum externum yet a considerable number of apparently normal 
nerve fibres (from the optic tract) were left. 

Figs. 11, 12. Fig. 11 represents the anterior surface of a section 
about 2 m.m. behind the splenium of the corpus callosum, it passes 
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through the posterior boundary of.the corpus quadrigeminum anterior. 
Fig. 12 represents the posterior surface of a section about 5 m.m. behind 
section 11; thus it represents very nearly the posterior surface of section 
11. On the dorsal surface the lesion (cf. Fig. 14, Pl. IX.) between the 
sections 10 and 12 runs across the lateral and ento-lateral fissures and 
reaches the mesial border at 12. | 

In Fig. 11 the lateral part of the fourth convolution is entirely 
removed, both the supra-splenial and splenial fissures being cut across, 
so that there remains a very small mesial portion of the supra-splenial 
convolution and the mesial portion of the splenial convolution. 

In Fig. 12 the fourth convolution is represented by a small mesial 
portion of the splenial convolution only, the splenial fissure is here 
shorter than in Fig. 11 and is not cut across by the lesion, there is 
however here only a small shred of nervous tissue connecting it with the 
rest of the brain. 

_ Fig. 19 is the posterior surface of the brain behind section 12 viewed 
a trifle mesially ; along the line w — y (cf. also Fig. 12, Pl. IX.) a section 
was made to ascertain the amount of cortex remaining under the 
connective tissue of the lesion in this part. The plane of the section 
“—¥Y was approximately parallel to that of the median longitudinal 
fissure. Fig. 20 represents the mesial surface so exposed. It is seen 
that the splenial fissure (sp) in this region is-deep, completely sepa- 
_ rating the splenial convolution from the uncinate and supra-callosal 
convolutions. 

The two lobules in Fig. 12 laterally of (c), probably part of the 
posterior composite convolution, showed a few nerve fibres, the greater 
number being cut away. 

I have already said that it is not certain what the ventral limits of 
the lesion are in sections 10—12, since it is not certain what fissure (c) 
represents. The difficulty in the way of concluding (c) to be the post- 
rhinal will have been obvious from the sections. Normally (cf. Structure 
of the Dog’s Brain, Figs. VI—IX., Pl. VIII.) the post-rhinal fissure forms 
a small part only of the lateral boundary of the descending cornu of the 
lateral ventricle. In Fig. 10 of this brain we see that the fissure (c) is 
well up on the lateral wall of the descending cornu in a region nor- 
mally occupied by the postericr composite convolution or by one of the 
ends of the second or third convolutions. 

For the post-rhinal fissure to have come into such a etaitinn, an 
enormous ‘growth of the uncinate lobe must have taken place; and 
although there are signs of a growth of the uninjured parts of the brain, 
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we are not, I think, justified in assuming without further proof that the 
uncinate has here grown to such an extent as to form the greater part of 
the lateral wall of the descending cornu of the lateral ventricle. It is 
however very difficult to come to any conclusion as to the relations of the 
fissure c. In some brains the posterior supra-sylvian curves forward and is 
connected with a shallow fissure running close to the end of the posterior 
ecto-sylvian ; it might possibly be that c represents the end of the 
posterior supra-sylvian and this shallow fissure, the upward curve at its 
anterior end being caused by the traction of the healing wound. On 
dissecting away the connective tissue at the apparent junction of c the 
splenial fissure (Fig. 19) (c) was seen to curve upwards for a short 
distance as a deepish fissure, this might be taken to be the descending 
part of the posterior supra-sylvian; but if this is the case how comes it 
that the splenial fissure runs directly into it? In the normal brain the 
splenial and the band of the posterior superior supra-sylvian even in — 
favourable cases are separated by a convolution of about 5mm. It is 
true that in one case I have seen the posterior supra-sylvian join the 
splenial by a shallow depression running into the inferior recurrent, but 
in this case the posterior supra-sylvian had no forward curving piece 
corresponding with the fissure (c); and to bring this into connection 
with the appearances here we must suppose that the apparent posterior 
end of the splenial is the inferior recurrent extraordinarily twisted out 
of its position. 

It is then just possible to imagine that the apparent. end of the 

splenial is really the inferior recurrent, that this runs into the curving 
supra-sylvian represented by the posterior part of the fissure (c), and 
that the anterior part of the fissure (c) is the occasionally occurring 
shallow fissure connected with the anterior part of the posterior supra- 
sylvian. But to do this we must suppose a combination of fissure to 
exist in this brain which so far have not been found to exist in any 
other, 
_ If we reject this explanation we must suppose either that a new 
fissure starting from the splenial and running forwards in the posterior 
composite convolution has been formed, or that the fissure, despite its 
position with regard to. the descending course of the lateral ventricle, is 
the post-rhinal. Whichever view is taken nearly the whole of the 
posterior part of the four external convolutions as far as they run separately 
from one another has been destroyed; the doubt affects, apart from a 
small piece of the posterior supra-sylvian convolution, only the extent of 
injury to the posterior composite convolution, 
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It is clear from the figures that there has been a considerable displacement 
of the mesial portion of the uncinate lobe, normally this makes its lateral 
bend into the descending cornu of the lateral ventricle between the corpora 
quadrigemina and corpora geniculata, or sometimes between the internal and 
external corpora geniculata ; here (cf. Fig. 10, Pl. LX.) this portion has been 
straightened so that it runs direct to the upper part of the external corpus _ 
geniculatum, the backward projection of the hippocampus major into the — 
lateral ventricle is very little pronounced ; further, from the shape and posi- 
tion of the end of the descending cornu it seems probable that what is here 
the. posterior wall was in the normal brain part of the mesial wall of the 
cornu. 

In Fig. 12 a fissure (f) is seen below the supra-callosal convolution, pos- 
teriorly this is connected with the splenial fissure (cf. Fig. 19, Pl. IX.), 
running forwards it becomes somewhat shallower (Fig. 11, Pl. IX.) and ends 
superficially where the uncinate makes its lateral bend about 2-5 m.m. in front 
of section 11, so that it is not seen in Fig. 10; it is then a fissure in the dorsal 
part of the mesial surface of the uncinate convolution ; in this position there 
is not infrequently a depression or shallow fissure, but I have never seen 


it in the normal brain any thing like so deep as here ; it might be called ese 
sub-splenial fissure. 


One point further deserves notice; it was found by Goltz that 
removal of any considerable portion of the cortex caused a diminution 
in the Weight of the rest of the brain, a diminution caused according 
to Goltz’ by an atrophy of all parts within the skull. In this brain 
it appears to me that whilst in all probability some atrophy has 
taken place in most of the convolutions which have been injured, never- 
theless the uninjured convolutions have as a rule increased in size; this is 
most marked with the orbital convolution, the posterior part of the 
supra-callosal convolution, and with the sub-splenial portions of the 
uncinate lobe. 

The wood-cuts in the text (Figs. 1, 2, 3, p. 292) show diagrammatically 
the limits of the lesion and the limits of the area from which the grey 
substance of the convolutions has been entirely removed. The former is 
marked with a thick broken line (- ++) which serves also for the latter 
where the two limits coincide, where the two do not coincide the 
boundary of the area from which the grey substance has been entirely 
removed is indicated by a thin broken line (- - -). 

The following convolutions or parts of convolutions have been entirely 
removed. 


1 Goltz, Ueber die Verrichtungen des Grosshirns, Bonn, 1881, p. 141. 
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Sub-orbital lobe. A small posterior inten part of the prorean 
convolution. 

Fourth convolution. Nearly the whole of the lateral portion of 
the anterior limb of the sigmoid gyrus. 

The lateral portion of the posterior limb of the sigmoid gyrus 
(except a small mesial strip, the grey substance which lies dorsally and 
laterally of the white substance has been removed from the remainder of 
the posterior limb of the sigmoid gyrus). 

The posterior third of the ento-lateral convolution. 

The posterior part of the supra-splenial convolution starting a little 
behind the posterior third of the ento-lateral fissure. 

The post-splenial convolution. (The posterior part of the splenial 
convolution has been much injured, but apparently in no i of its 
course has the grey substance been entirely removed.) 

The third convolution. The coronal, except a small piece of its 
anterior end. 

The ecto-lateral, except a small mesial strip 2 to 3 m.m. wide from 
the ansate to the posterior third of the ento-lateral fissure. 

_ The posterior supra-sylvian. 

The second convolution. Nearly the hls a very small anterior 
portion is left, and possibly a small piece of the ventral recurved 
portion, 

The first convolution, The posterior sylvian (supposing it to 
have been present in this brain, if it was not the part of the posterior 
composite convolution corresponding to it). 

The posterior dorsal part of the anterior sylvian. 

The anterior composite convolution. A small dorsal strip 
corresponding in position to the anterior end of the third convolution. 

‘The posterior composite convolution. The greater portion of 
the posterior region; of lateral region probably a dorsal strip, possibly 
more. 

Further as the result of the removal of the above-mentioned parts 
of the cortex or of some ensuing inflammation certain portions of the 
deeper parts of the brain had degenerated. . 

Underneath nearly the whole extent of the scar there was a layer 
generally thin though sometimes pronounced (e.g. between Figs. 5 and 6) 
composed of a fine meshwork of connective tissue, this gradually but 


? usually rapidly passed into apparently normal grey or white substance. 


This is not represented in the figures since it was only seen when 


sections for the microscope had been made. 
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In the deeper parts of the brain the following parts have degenerated. 

The whole of the grey substance of the corpus geniculatum ex- 
ternum including its deep nucleus, 

The dorsal third to a half of the corpus geniculatum internum, 
probably only partially. 

Of the optic thalamus; more or less completely the part which 
projects posteriorly beyond the anterior limit of the corpus quadri- 
geminum anterior; completely a somewhat conical mass in the dorsal 
part of the external nucleus of the optic thalamus, the small end of the 
cone being directed forwards; stretching from this there is a partially 
degenerated strip posteriorly on the dorsal surface of the optic thalamus 
nearly reaching the habenular ganglion and anteriorly extending a short 
way down the stratum reticulatum. A small posterior portion of the 
claustrum and lenticular nucleus appear also to have degenerated, these 
ceased to be obvious in sections a little in front of Fig. 6, in Fig. 8, 
which is the region of the small posterior end of the nucleus lenticularis, 
its place i is occupied chiefly by connective tissue. 

No signs of degeneration could be made out in either of the corpora 
quadrigemina ; in the optic tract there was an increase in the number of 
fine, apparently elastic, fibrils between the nerve fibres such as occurs in 
degeneration but there were numerous perfectly normal nerve fibres. 


DESCRIPTION OF FIGURES. 
Plate IX. 


Figures 1 to 12 inclusive represent successive sections of the right half of 
the brain taken approximately at right angles to the median longitudinal 
fissure. In Figs. 7 and 12 the posterior surface exposed by the section has 
been drawn, in the rest the anterior surface. The figures show the actual size 
of the sections at the time they were drawn; some were drawn after treatment 
with alcohol, which caused them to shrink somewhat. The grey substance is 
represented by dots, the white substance by shading. A detailed description 
of the sections is given in the text; their position is shown by Figs, 13, 14, 
15, 16. 3 

' Forel (Arch. f. Psychiat. vt. Fig. 23) gives a figure showing the structures that 


can be made out in a section of the mid-brain of a dog taken a little behind that 
shown in Fig. 10. In Fig. 10 I have lettered the more obvious structures only. 
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_ Fig. 13. View taken from the side and somewhat from below; the relative 
depth of the fissures is indicated by the thickness of the lines, the limits of 
the thick and the thin connective tissue which formed over the wound are 
represented by thick (mmm) and thin (sams) palisading respectively. 

Fig. 14. Sketch of the dorsal, mesial surface of the brain taken somewhat 
from the side. The limits of the wound are marked as in Fig. 13 ; the position 
of the posterior thick mass of connective tissue is indicated (cf. Fig. 15). 
The line (------ ) represents a cut made in removing the brain from the skull 
(cf. Fig. 1, Plate X.). 

Fig. 15. Mesial view of posterior part of the brain (part behind section 
10 of Figs. 13 and 14). Above the cerebellum and occupying in part the 
position of the posterior mesial part of the fourth convolution 1 is a mass of 
connective tissue, 

Fig. 16. Sketch to show the position of the sections with regard to the 
corpus callosum and soft commissure. 

Fig. 17. Portion of the surface of the anterior part of the hemisphere 
between the median longitudinal fissure and the orbital lobe, it includes the 
sections 1 to 3 (cf. Fig. 13), the connective tissue over the cortex has been 
dissected away, the dotted line represents the limits of the wound ; the vertical 
cut in the cortex is marked s (cf. text, p. 296). 

Fig. 18. Represents a portion of the cortex between sections 7 and 8 

: (ct Fig. 13) after the removal of the connective tissue covering the wound. 

Fig. 19. Posterior surface of the hemisphere taken a little from the mesial 
side. The outline of the connective tissue is marked as in Fig. 13. The pia 
mater was much thickened over the whole of this region. 

Fig. 20. Mesial surface exposed by a section of the part of the cortex 
behind section 12 (cf. Figs. 13, 15) along the line x— y of Figs. 12 and 19, 


Plate X. 


Figs. 1 and 2. Photographs of brain of Goltz’ dog taken after the brain 
had been hardened in ammonium bichromate, the pia mater was not removed. 
In Fig. 1 there is a knife-cut a little behind the crucial sulcus, 
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INDEX OF SYMBOLS. 


CoNVOLUTIONS. 


4. co. Anterior composite convolution, i.e, the convolution formed by the 
anterior united ends of the four external convolutions, this with the anterior 
Sylvian convolution forms the operculum. 

A. E. 8Y. Anterior ecto-sylvian convolution. 

a. sy. Anterior Sylvian convolution. 

a. 8. G. Anterior limb sigmoid gyrus. 

cor. Coronal convolution. 

EN. L. Ento-lateral convolution = that part of first convolution which lies 
between the ento-lateral with its continuation to the ansate fissure, and the 
lateral fissure. | 

E. L. Ecto-lateral convolotion = that part of second convolution which 
lies medially of ecto-lateral fissure and of its rn to the ansate 
minor fissure. 

G. Genual convolution. 

1.R. Island of Reil. 

0. t. Olfactory lobe. 

o. 8. Orbital lobe=part of sub-orbital lobe of Leuret and Gratiolet 
= rhinal convolution of Meynert. 

p. ¢. Posterior composite convolution = the convolution formed posteriorly 
by the united onds of the four external convolutions. 

PR. Prorean convolution. 

Pr. SP. Pre-splenial convolution. 

p. 8. G. Posterior limb sigmoid gyrus. 

s.c. Supra callosal convolution. 

s. PR. Sub-prorean convolution. 

‘sp. Splenial convolution. 

s.sP. Supra-splenial convolution. 

Uncinate convolution. 

First external convolution = Sylvian. 

Second ,, = Ecto-sylvian or Inferior. 
Third ,, = Supra-sylvian or Median. 
Fourth ,, = Superior, 
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FIssureEs. 


a. e. sy. Anterior ecto-sylvian. 
an. Ansate. 


en. 1, Ento-lateral. 
i. ol. Intra-olfactory. 
7. or. Intra-orbital. 
l. Lateral. 

ol. Olfactory. 

pr. Prorean. 

rh. Rhinal. 

s. or. Supra-orbital. 
sp. Splenial. 

s, sp. Supra-splenial. 
sy. Sylvian. 


a. Depression between uncinate and ventral part of olfactory lobe. 

6. Fissure between uncinate and dorsal part of olfactory lobe, probably 
formed by a folding forwards of the uncinate lobe. | 

c. Fissure (? post-rhinal) starting anteriorly from the island of Reil and 
joining posteriorly the splenial fissure. 

d. Fissure (? ansate) in fourth convolution. 

e. Depression in fourth convolution between crucial fissure and (d). 

f. Fissure in mesial surface of uncinate lobe, a little ventrally of the 
posterior part of the supra-callosal convolution, 


Parts OF THE BRAIN OTHER THAN CONVOLUTIONS AND FISsuREs. 


a.c. Anterior commissure and its bundles which run forward in the 
olfactory lobe. 

a. p. f, Anterior pillar of the fornix on its way to the corpus mammillare. 

Corpus callosum. 

c.g. Central grey substance of aqueduct. 

c. g.e. Corpus geniculatum externum, 

i. Corpus geniculatum internum. 

cl, Claustrum. 

e.m. Corpus mammillare. 


ca. Callosal. 
cor. Coronal. 
Crucial 
cr. TUCIAL. ; 
de. Dentate. 
». 
o 
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c. q. a. Corpus quadrigeminum anterior. 

cr. c. Crusta of crus cerebri, i 

d.c.v. Descending cornu of lateral ventricle. 

e.c. External capsule. 

f. Fornix. 

fil. Fillet. 

h. g. Habenular ganglion. 

i. c, Internal capsule. 

v. Lateral ventricle. 

m.c. Middle or soft commissure. 

n. Nucleus caudatus. 

n. 1. Nucleus lenticularis. 

o. t. Optic tract. 

o. th. Optic thalamus. 

p.c. Posterior commissure. 

s. Cut in white substance, Figs. 1, 2 and 17. 

teg. Tegmentum. 

s.z. Stratum zonale of optic thalamus, in Fig. 6, cut through as the 
fibres curve over the anterior end of the optic thalamus, here 
some of the fibres come from the crus of the pineal gland, 

3. v. Third ventricle. 

sc, Scar of connective tissue. 
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REPORT ON THE PARTS DESTROYED ON THE LEFT 
SIDE OF THE BRAIN OF THE DOG OPERATED ON 
Pror. GOLTZ. By E. KLEIN, F.RS, Plate XI. 


THE injury on the left side of the brain, as it presents itself on the 
dorsal aspect of this latter, appears of a smaller extent than it actually 
is. This is due to the fact, that part of the brain belonging to the 
mesial aspect and also to a certain extent that belonging to the lower 
and posterior aspect are by the cicatrix drawn towards the dorsal aspect 
of the brain. This fact comes out strikingly on vertical and sagittal 
sections through the injured parts, although in the dorsal aspect of the 
brain of Prof. Goltz’s dog it is not conspicuous. Thus for instance in 
the dorsal aspect the area of injury to the superior convolution appears 
less in extent than is shown by vertical sections; these latter show, that 
part of the mesial aspect of this convolution, i.e. the splenial convolution’, 
is altogether displaced, i.e. drawn towards the dorsal surface of the brain. 
The same is the case with the posterior composite, and also—but to a 
less degree—with the lateral lower aspect, i.e. the inferior and sylvian 
convolutions. 

In the diagram 1 the outline of the injury is represented in the 
same extent as was mentioned inthe preliminary Report published in 
Vol. I. p. 24 of the Transactions of the Internat. Med. Congress of London, 
1881. And it will be understood that this does not actually embrace 
the whole extent of the injury, the outline being drawn on the dorsal 
aspect of a normal brain whereas it ought to be drawn on a brain in 
which the displacement of the splenial and posterior composite convolu- 
tions is marked. This of course could not be done since the unaltered. 
dorsal aspect of this particular brain, i.e. with displaced splenial and 
posterior composite convolutions, cannot be represented. 

Following my friend Mr Langley’s plan and taking as an ideal 
model the dorsal surface of a normal typical brain (see Langley, p. 293, . 
Fig. 2), i.e. a bfain containing only the fissures present in every brain of 
dog, and tracing the outline of the injury on the left side of Prof. Goltz’s 
dog, in its apparent extent, we obtain the diagram 1. 

The outline (vertically striated) starts a little behind the crucial 
sulcus (cr), passes backwards across the anterior end of what appears to 


1 In the nomenclature of the fissures and convolutions, I shall follow Mr Langley’s 
exhaustive description, as published in the preceding part of this report. 
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be the ansate fissure (an), intersects the lateral fissure (Jat) and under a 
very oblique angle crosses the posterior end of the ento-lateral fissure 
(en. 1) and having reached the mesial end of the posterior margin of the 
hemisphere curves round this latter. It then takes a forward course 


Fissures : 

. prorean. a. 8.8. anterior supra-sylvian. lat. lateral. 
supra-orbital. § p.s.s. posterior supra-sylvian, ecto-lateral. 
er. crucial. a.e.8, anterior ecto-sylvian. -lateral. 
cor. coronal, p. 8 posterior ecto-sylvian, en.l, ento-lateral, 
an. ansate, syl. sylvian, 

Convolutions : 
or, Orbital. a. 8. Anterior sylvian. 
PR. Prorean. Posterior sylvian. 
a. 8.G,. Anterior sygmoid gyrus. m, Middle convolution. 
Pp. Posterior sygmoid gyrus, Pp. 8.8. Posterior supra-sylvian. 
4.c. Anterior composite. L, Eeto-lateral. 
c. 0. Coronal, Env. tL, Ento-lateral. 
A. 8, Anterior ecto-sylvian. s. 8p, Supra-splenial, 
m. 8. Middle ecto-sylvian. P. 8, Post-splenial, 


Pp. E.8. Posterior ecto-sylvian, 
PH. IV, 23. 
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crossing the ecto-lateral (e. 1) and the posterior supra-sylvian (p. 8. 8) 
fissure. It then runs, still keeping a forward direction, across the pos- 
terior ecto-sylvian fissure (p. ¢. s), and just touches the dorsal end of the 
sylvian fissure (syl). Crossing then the anterior ecto-sylvian fissure 
(a. e. s) it turns in an oblique direction mesially across the anterior 
supra-sylvian (a. s. s) and the coronal fissure (cor) and finally joins the 
place of starting. 


Thus it is seen that the following convolutions appear involved in — 
the injury: 

The middle part of the posterior sigmoid gyrus (Pp. 8. G); of the. 
fourth or superior convolution it comprises the greater part of the ento- 
lateral (EN. L), the greater portion of the posterior part of the post-  ~ 
splenial (P. 8); of the third or middle convolution it comprises the whole 
of the ecto-lateral (gE. L) and almost the whole of the posterior supra- 
sylvian (P. S. 8), and the posterior part of the coronal (cor) ; of the 
second or inferior convolution it involves the mesial portion of the 
posterior ecto-sylvian (Pp. E. 8) the whole of the median ecto-sylvian 
(M. E. S) and a good bit of the anterior ecto-sylvian (A. E. 8); of the first 
or sylvian convolution it involves a small mesial portion of both the 
anterior (A. 8) and posterior (P. 8) sylvian. In addition to these convolu- 
tions, as it appears from vertical sections, the injury comprises part of 
the supra-splenial as well as the dorsal part of the posterior composite 
convolution. 

In diagram 1 inside and parallel with the striated line representing 
the extent of the injury as just described is seen a double-dotted line, 
this is the outline of a thick cicatrical membrane covering, but not 
extending completely to the outline of the defect. This is better shown 
in vertical sections, see Plate XI. Figs. 1, 2, 3 and 4, 


Vertical Transverse Sections. 


I shall describe now the appearances presented in transverse sections 
through the injury and adjoining parts in four different regions, and shall 
preface this by saying that microscopical examination of the structural 
details of the adjoining parts, i.e. the convolutions left, is very incomplete 
owing to the unsatisfactory condition of the brain, the repeated handling 
of the brain by photographers and wood-engravers (in their attempt to 
give a representation of the brain while still fresh or imperfectly hardened, 


and afterwards the very prolonged hardening) has no doubt iil inter- 


fered with the preservation of the structural, elements. _ 
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Making vertical transverse sections through the regions of the brain 
at 1, 2, 3 and 4 of diagram 1, and looking at these sections under a very 
low power, the following conditions are noticed : 

Section 1 (Plate XI. Fig. 1). The surface of the injured part is covered 
with a thick fibrous membrane (m), underneath this are seen almost 
vertical trabeculae of fibrous tissue (c) radiating towards the depth, where 
they, bound a few large cavities (e). These fibrous trabeculae include 
num of round cells, and are continued into the white matter beneath. 
Numerous large blood-vessels are met with in this part and they can be 
traced into the surrounding white matter. But not the entire parts 
covered by the superficial membrane (m) are replaced by cicatrical tissue, 
since corresponding to its mesial and lateral margin we notice masses of 
grey brain matter left (P. s. G) being evidently part of the grey matter of 
the posterior sigmoid gyrus in the depth of the coronal sulcus, while on 
the other side cor being evidently part of the coronal convolution 
bounding the coronal sulcus. | 

These two masses of grey matter, as far as from the unsatisfactory 
condition of the brain can be made out, contain neuroglia and numerous 
nerve cells and do not appear of different structure from the other intact 
convolutions. At the lateral side of the superficial membrane (m) we see 
that the white matter appears exposed to the surface; on careful exami- 
nation it is ascertained that this is also cicatrical tissue, dense fibrous 
tissue continued into the depth into the white substance. Beyond this, 
i.e. laterally, we see that part of coronal convolution bounding the 
anterior supra-sylvian sulcus is left intact. Summing up, we have then 
here loss of the superficial part of the posterior sigmoid gyrus, a deep 
portion being left intact ; loss of the superficial part of the coronal con- 
volution. The cicatrical tissue (c) would thus really occupy the place of 
the coronal sulcus. 

The white matter bounding the lesion, that is to say the superficial 
strands of white matter belonging to the posterior sigmoid gyrus and to 
the coronal convolution, show distinct sclerosis, their tissue being chiefly 
dense neuroglia with numerous round cells, but no nerve fibres can be 
made out in them. As regards the intact convolutions no alteration is 
perceptible. | 

Section 2 (Fig. 2). On the surface of the injured parts we find here 
the same cicatrical membrane (m) as in Section 1, it does not cover the 
whole defect, since a good bit of the adjoining parts right and left, 
- although probably not directly injured by the operation, is degenerated. 
Thus we see that the part of the ento-lateral convolution next to the 
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ento-lateral fissure (not seen) is occupied by sclerosed tissue marked 
dark like the white substanée. Almost the whole’of the grey matter 
of this ento-lateral convolution is wanting, except a very minute bit left 
at the bottom of the ento-lateral sulcus. Of the middle convolution the 
superficial grey matter is absent, but a good bit is left in the depth of 
the ento-lateral fissure. Of the middle ecto-sylvian and anterior sylvian 
convolutions the whole of the grey matter is absent, except the very 
smallest bit in the depth of the anterior supra-sylvian fissure. The 


_ other convolutions appear intact. 


The white substance next to the injured parts appears all nilewbied; 
only dense neuroglia with numerous round cells but no nerve fibres being 


present, This is the case in the superficial strands of white matter 


belonging to the ento-lateral and middle convolutions as well as of that 
belonging to the middle and anterior ecto-sylvian convolutions. 

Section 3. The surface of the injury is covered with the same 
cicatrical membrane (m) as before, but much thicker and very firmly 
adhering to the parts beneath. The convolutions that are destroyed are 
part of the supra-splenial, the whole of the ento-lateral, ecto-lateral, 
posterior supra-sylvian and part of the posterior ecto-sylvian. Of this 
latter convolution the deep portion of the grey matter next to the 
posterior supra-sylvian fissure is left. As is seen in the Figure (3) the 
mesial part of the supra-splenial convolution (8. SP) belongs almost to the 
dorsal aspect of the brain, and the same is the case with the posterior com- 
posite convolution (P. C), these parts being drawn towards the surface, — 

The inflammatory membrane (m) does not cover on the mesial aspect 
the whole of the injury, whereas at the ventral it extends beyond it. 

The white matter immediately underneath the injury is sclerosed but 
that bounding the lateral ventricle appears unaltered. 

Section 4, The cicatrical membrane (m) does not cover entirely the 
injured parts, since both mesially and ventrally a small bit of the defect 
appears uncovered by it. 

The injury extends from the mesial aspect of the supra-splenial con- 
volution to the. most lateral portion of the ecto-lateral convolution, it 
includes consequently the whole of the grey matter of the post-splenial, 
and the greater part of the grey matter of the ecto-lateral convolution, 
except a very small bit left in the depth of the posterior supra-sylvian 
fissure. 

Also here the part of the white matter immediately underneath the 
defect is sclerosed. Such is also the case with the superficial parts 
the mesial and lateral end of the:cicatrical membrane; 
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In all these four figures representing transverse sections the grey 
matter is slightly shaded, whereas the white matter, both the degenerated 
(sclerosed) and unaltered, is marked by a deep uniform tint. 

The ependyma of the lateral ventricle and its lining epithelium 
appears well preserved, but in the descending cornu there is a dense 
infiltration with round cells and this tissue can be also traced between 
the thalamus opticus and the white matter of the crusta. 

As regards the structure and aspect of the cerebral ganglia, as far as 
it is possible to ascertain in this left half of the brain, nothing abnormal 
can be made out, if compared with a normal brain similarly prepared. 
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REPORT ON THE LESIONS, PRIMARY AND SECONDARY, 
IN THE BRAIN AND SPINAL CORD OF THE MACACQUE 
MONKEY EXHIBITED BY Proressors FERRIER anp 

YEO. By E. A. SCHAFER, F.RS. Jodrell Professor of 
Physiology in University College, London. Plate XII. 


A. The lesion in the cerebral cortex. 7 

A Description of the part of the brain involved in the lesion of the 
cortex. 

The boundaries of the lobes on the external surface of the macacque’s 
brain are very evident, much more so indeed than in the human subject 
(Figs. 1 and 2). The furrow of Rolando (R) stretches from the middle 
of the mesial edge of that surface downwards, outwards and somewhat 
forwards to within a very short distance of the middle of the Sylvian 
fissure and cuts off the frontal from the parietal lobe and from the 
rest of the brain. The frontal lobe thus marked off is about as large in 
proportion to the rest of the brain as in man, but is relatively much less 
furrowed. The parietal lobe on the other hand although containing the 
same chief furrows as the parietal lobe in man is relatively much 
smaller. This reduction in size of the parietal lobe is compensated for 
by the much greater superficial development of the nearly smooth 
occipital lobe, from which it is completely separated on the surface by 
the upper part of the strongly developed external parieto-occipital fissure. 
This fissure in its lower half divides the temporo-sphenoidal and occipital 
lobes. 

The temporo-sphenoidal and parietal lobes are also in the macacque 
usually very sharply marked off from one another owing partly to the 
fact of the Sylvian fissure running superiorly into the parallel fissure, 
partly to the angular gyrus being narrowed at its junction with the 
middle temporo-sphenoidal convolution. 

The superficial lesion involves portions of the frontal and parietal 
lobes of the left side of the brain. Neither the occipital nor temporo- 
sphenoidal lobes have been in any way injured, nor does the lesion 
extend to the mesial surface of the hemisphere. 

It will therefore only be necessary for our present purposes to 
describe the furrows and convolutions of the fronto-parietal region. 

The frontal lobe, the part of that region in front of the sulcus of 
Rolando exhibits only two distinct furrows, One of these is antero- 
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posterior in direction (ant.) and stretches from the apex of the lobe 
backwards through more than half its length, running a short distance 
above the sharply curved border which separates the external from the 
orbital surface of the lobe. The second furrow (tr. fr.) is mainly vertical 
and behind the first one. Starting from a point a little above the angle 
enclosed between the Sylvian fissure and the orbito-frontal border, this 
furrow extends upwards on the lobe rather more than half way over the 
external surface. It then bends forwards over the antero-posterior or 
apical furrow for a variable distance. We may provisionally distinguish 
these two furrows of the frontal lobe according to their general direction 
as the antero-posterior and the vertical, They here and there have 
small lateral furrows connected with them, and on the parts which they 
separate from one another there are indications of the commencement 
of other furrows, but these appear for the most part to be inconstant in 
size and position, and scarcely worthy of special mention. An exception 
must however be made for the small antero-posterior furrow marked x 
in the woodcuts, for this appears to be tolerably constant in position, 
being always placed parallel with, and a short distance from, the inner 
border of the external surface, and a section shows it to be something 
more than a mere superficial grooving (Fig. 4, x). 

The two furrows above-mentioned cut off from the antero-external 
portion of the lobe a triangular surface which is bounded on the third 
side by the orbito-frontal border. This surface corresponds according to 
Gratiolet’ to the third frontal convolution in man, the first and 
second convolutions being represented by the part of the lobe above the 
antero-posterior furrow, the two being only imperfectly separated by the 
anteflexed portion of the vertical furrow. This would make the antero- 
posterior furrow to represent the inferior frontal of human anatomy and 
the anteflexed part of the vertical furrow to represent the superior 
frontal furrow ; and this is the view which has usually been adopted*. 
Bischoff* on the other hand has contended that the antero-posterior 
furrow is the superior frontal of the human brain, all above it being 
superior frontal convolution, all below it middle frontal, the inferior 
frontal convolution being either altogether absent or quite rudimentary 
and blended with the middle one. The point is the more difficult to 
decide since the anterior limb of the Sylvian fissure is absent in the 


1 Mémoire sur les plis cérébraux de Vhomme et des primates, Paris, 1854, 

2 See Ferrier, Functions of the Brain, pp. 138, 139. 

3 Ueber das Gehirn eines Gorilla und die untere oder dritte Stirnwindung der Affen, 
Sitzungsb. d. Miinchener Akademie, 1877, 
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macacque and it is around this that the third frontal convolution curves — 
in the human brain. There is a further difficulty to the more generally 
received view arising from the fact that this third frontal convolution 
in man is connected with the faculty of speech, and it may be argued 
that it could therefore scarcely be expected to be more largely developed 
in proportion in the monkey than in man, as would be the case if 
Gratiolet’s view were accepted. Since therefore the homologies are 
not clear it will be better to speak of this furrow merely as the antero- 
posterior or apical furrow. As for the vertical furrow this it seems 
clear must be regarded as the homologue of the precentral or transverse 
frontal sulcus of human anatomy (at least its lower end), and it may ac- 
cordingly be so designated. 7 


Fia, 1, 


Fia, 2. 


| Fic. 1. Brain of a macacque monkey : profile view from the left side (for description 
see text). 


Fic. 2. Brain of a macacque monkey, viewed from above (see description in text). 


These two furrows may be looked upon as dividing the frontal lobe 
into three unequal and irregular parts, Of these the part between the 
transverse frontal suleus (which we may continue upwards by an 
imaginary line towards the great longitudinal fissure) and vhe furrow of 
Rolando represents the ascending frontal convolution of human 
anatomy. As regards the rest of the lobe we have just seen that there 
is a very considerable difference of opinion amongst authorities on the 
subject of the homology of its parts, and since this is a question which 
can only be decided by the study of a large series of brains of Primates 
it has not been hitherto possible to obtain either the material or the 
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leisure which alone would enable the decision to be attempted. I shall 
content myself therefore with speaking of the whole portion of the lobe 
in front of the transverse frontal sulcus as the anterior portion and shall 
speak of the upper and lower divisions of this according to their position 
with reference to the apical or antero-posterior furrow’. 

The parietal part of the fronto-parietal region (parietal lobe) is 
proportionately much more convoluted than the frontal part and the 
identification of its convolutions is far more easy. The furrows of this 
lobe are the intra-parietal sulcus (t. p.) which passes obliquely upwards 
and backwards (being nearer the furrow of Rolando below, and gradually 
becoming further from it above) to end near the inner margin of the 
hemisphere in the parieto-occipital fissure (it does not pass across this 
into the occipital lobe as in man), and the upper end of the parallel 
sulcus ( pll.) which having réceived the Sylvian fissure is continued 
upwards and backwards into the angle which the intra-parietal sulcus 
forms with the parieto-occipital. The convolutions of the parietal lobe 
may be described as being four in number as in man, but the divisions 
are, it must be confessed, somewhat artificial, for the parietal lobule (P. L.) 
is freely continuous with the ascending parietal (ASC. PAR.) being merely 
an expansion of its upper end, and the supra-marginal (s. M.) is nothing 
more than the short and thick bridge of junction between the lower end 
of the ascending parietal and the nr * limb of the angular con- 
-—volution. 

2. Extent of the lesion in the cerebral cortex. 

The brain as it came into my hands, i.e. hardened in bichromate of 
ammonia, presented on the left side a smooth depressed surface of an 
irregularly triangular shape, with the angles much rounded, not unlike. 
the bowl of an egg-spoon. This space occupied the whole of the 
centre of the fronto-parietal region. It was covered by a firmly 
adherent membrane which at the time I did not know to be part of the 
dura mater. I supposed the latter to have been removed, as it was from 
every other part, in taking out the brain, and I could only refer the 
presence of a dense membrane here to the supposition that it owed its 
origin to inflammatory action*, but subsequent more careful examination 


1 In the preliminary abstract report which was published in the Transactions of the 
International Medical Congress the nomenclature of these parts was borrowed from: 
Ferrier’s Functions of the Brain. It seems desirable however since there is some doubt 
about the matter rather to employ apes which have not acquired special ee 
in human anatomy. 
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showed its true nature. Unfortunately I had not had an opportunity of 
seeing the brain before it was placed in the hardening solution or 
it would have been less easy to have fallen into the error in question. _ 

~The dura mater was not only inseparably adherent to the’ depressed. 
surface above-mentioned but also adhered, although much less firmly, to 
tlie surrounding surface of the brain for a space of four or five millimetres: 
on separating it here, the subjacent surface was found uninjured, the 
loss of brain cortex being strictly limited to the depressed surface. The 
limits of this therefore indicate the extent of superficial lesion (see the: 
dotted line in Figs. 1 and 2) :— 

Mesially it is bounded by a line running parallel with and about 
four or five millimetres from the inner border of the hemisphere in its 
middle third. Posteriorly by a line which crosses the intraparietal 
furrow and runs close in front of and parallel with the upper end of 
the parallel sulcus and the upper third of the Sylvian fissure to a point’ 
nearly on a level with the lower end of the furrow of Rolando. And 
anteriorly by a line passing from this point obliquely forwards to join 
the anterior end of the first line about the middle of the frontal lobe. 

But the triangular area thus enclosed has, as before said, its angles 
very widely rounded off. ; 

The area comprises the following parts:— . | 

In the frontal lobe. The ascending frontal convolution except a very 
small portion of the upper end next the great longitudinal fissure and 
except also its lower end; about one centimeter in length or nearly one- 
third of the whole length of the convolution here remaining intact. 
The posterior third of the upper division of the anterior portion of the’ 
lobe, the lower division remaining untouched. 

In the parietal lobe. ‘I'he greater part of the ascending parietal 
convolution, only about 5 mm. at the upper end and 6 mm. at the lower 
end remaining. A small piece of the parietal lobule. Rather more 
than the half (longitudinally) of the ascending limb of the angular 
gyrus and of the supra marginal convolution. 

‘The other lobes are not encroached on by the injury nor is the 
internal surface of the hemisphere, although as will be explained 
presently it is probable that by an undermining process of secondary 
nature a portion of the marginal convolution may have been cut off 
from continuity with the central parts of the cerebrum. 


B. Secondary lesion in the medullary centre. — 3 | 
Sections through the injured part of the cerebral cortex which were 
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made with the view of determining the depth to which any secondary 
inflammatory process may have extended into the medullary centre, 
unexpectedly revealed the existence of a large cavity occupying nearly 
the whole of that part of the medullary centre which lay immediately 
below the seat of injury. This cavity, which is seen in transverse 
vertical section in Fig. 3, is covered in by a comparatively thin layer of 
brain substance. The nervous character of this is however only apparent 
near its margins where it passes insensibly into the normal tissue of the 
medullary centre; elsewhere it is infiltrated with small nucleated cells, 
and with fibres of connective tissue nature and appears to have lost all 
nervous structure. Superficial to this layer and intimately connected 
with it is the piece of dura mater already mentioned in describing the 
superficial lesion. | 


4, 


Fic, 3.. Section across the left central hemisphere of the brain of the macacque monkey 
described in the text, showing the position of the secondary lesion in the medullary 
centre, 

Sy., Sylvian fissure; c. ¢., corpus callosum ; ut. v., lateral ventricle ; x. c., nucleus caudatus ; 
N. L,, nucleus lenticularis; rH. thalamus opticus ; 1. c., internal capsule; cu. claustrum. 


Fie, 4. Section across the left hemisphere of the brain of a normal macacque monkey 
made at about the same situation as the section shown in Fig. 3. 


The cavity does not extend so far into the: medullary centre of the 
cerebrum as to reach the corpus striatum, nor does it communicate with 
the :lateral ventricle. The latter is however much enlarged, but as 
regards its epithelium and otherwise, it appears normal. The floor 
and walls of the cavity, like its roof, are pervaded by fibres and infiltrated 
with nuclei belonging to small cells, but not to anything like the same 
extent as the roof. Indeed a short distance from the cavity the 
medullary substance surrounding it presents a completely normal 
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appearance, so far as could be determined in the vertical sections which 
were made of it. There is no epithelial lining to the cavity although 
its boundary is quite sharply defined. It is traversed here and there by 
ragged-looking irregularly branching fibrous strands some containing 
vessels, but it otherwise seems, so far as the hardened preparation can 
show, to be occupied only by albuminous fluid without corpuscular 
_ elements—although there is some possibility that these may have been 
present, and have become lost in preparing the sections. 

I have some hesitation in pronouncing on the nature of this cavity. 
That it is of secondary formation and not a part of the primary lesion 
would appear certain from the fact that it is covered over by what is 
undoubtedly, although much altered, a layer of brain substance. I 
am inclined to adopt an opinion which has found fayour with more 
than one pathologist with whom I have had the opportunity of 
discussing the subject, that the cavity is the result of a softening 
and breaking down of the brain substance in consequence of thromboses 
which have extended from vessels at the injured surface to others 
deeper in the cerebrum, a condition which may have been more readily 
produced by the use of the galvanic cautery in the removal of the cortex 
cerebri’, But whatever the cause of its formation, the fact of its being 
there is of considerable importance as bearing upon the extent of surface 
which would be cut off by it from the central parts of the cerebrum and 
from the crus cerebri. Were the cavity more extensive than the superficial 
injury the result would be the same as if the superficial injury were greater, 
since the cutting off of other than the directly injured parts from the 
internal capsule would have the same effect as their actual removal. But 
in such a case as this where the cavity is coextensive or nearly so with 
the injury and does not reach the corpus striatum the result of the 
experiment as deduced from the superficial lesion is not vitiated; since 
we can suppose that only the fibres connecting the removed part of the 
cortex and the internal capsule are involved in the secondary breaking 
down, and these were by the superficial lesion alone deprived of their 
function. 

Although however it would in the present instance be for the most 
part only these fibres which are involved in the secondary lesion it is 
possible that it may have involved some others. For if we look at the 
section which is shown in Fig. 8, we observe that the most direct path 
of fibres between the otherwise intact grey matter of the convolution on 


17 am given to understand however by Dr Ferrier that the « existence of such a 
ney lesion as this cavity is quite exceptional, — 
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the inner or mesial side of the removed cortex, and the internal capsule 
is cut off by the cavity, so that unless some of these fibres pass round 
the inner corner of the cavity to reach the internal capsule, and this is 
a point which it is difficult to determine, this portion of grey matter 
will also: have been to all intents and purposes cut off and rendered 
functionless. It is on this account as I have already stated (p. 320) that 
it may be right to include a part of the marginal convolution of the 
inner surface of the hemisphere (to which the grey matter in question 
belongs) amongst the parts cut off by the operation. 


C. Secondary degenerative changes in the pyramidal tract (see 
Plate XII). 

1. In the internal capsule (Fig. 1, Plate XIT.). 

.. Sections of the internal capsule of the left side made across the 
course of its fibres show in its central part a number of bundles most 
of the fibres of which have lost their medullary sheath and have 
undergone the Wallerian degeneration’. The degenerated bundles are 
not all closely packed together but are somewhat scattered, being here 
and there separated by others which present a normal appearance. 
It is noticeable under higher powers that in many of the flattened 
bundles in which degeneration has taken place there is a thin layer 
forming a sort of cortical stratum, in which the fibres appear normal. 

2. In the crus cerebri (Fig. 2 and 3, Plate XII). 

In the crus cerebri of the same side there is a well localized patch of 
degeneration. It is situated in the central part of the crusta near its 
ventral border, occupying an oval area which tapers slightly in the 
mesial direction, and although as just stated sufficiently well localized is 
not sharply marked off from the surrounding normal white substance. 

3. In the pons Varolii, and in the medulla oblongata above the 
decussation of the pyramids (Figs. 4 and 5, Plate XII.). 

The degeneration is now both well localized and sharply defined, It 
comprises in fact the principal bundles of the left anterior pyramid; 
and the degeneration of the fibres is so complete as to give in stained 
sections an exceedingly sharp contrast with the neighbouring ene 


generated white matter, 


4. In the region of the pyramidal decussation (Figs. 6 and 7, Plate 
XIZ.), 
At the decussation the degenerated tract passes obliquely across the 


_ + This term is applied to the changes which are undergone by nerve-fibres as the 
result of separation from the nerve-cells which act as their nutritive centre. 
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anterior median fissure to the opposite or right side of the medulla, 
Here it runs down for a short distance in the formatio reticularis, 
A portion of the tract remains however at first in the anterior column, 
and this portion, at least a considerable part of it, at a little lower level 
appears to be passing towards the formatio reticularis of the same or 
left side of the medulla. But in sections still lower down in which 
the degeneration is very well marked in the formatio reticularis of 
the lateral column of the right side I have been unable to detect any 
sign of it on the left side, although as will immediately be stated a 
patch of degeneration occurs in the cervical cord in the lateral column 
of both sides, 

5. In the cervical part of the spinal cord (Fig. 8, Plate XII). 

In the cervical cord there is a well-marked patch of degeneration in 
the right lateral column occupying an irregular triangular area in the 
posterior part of that column. The patch is not very sharply defined, 
especially externally where it merges somewhat gradually into the normal 
white substance, nor have all the fibres in it undergone degeneration. 

It occupies the situation of the crossed pyramidal tract and is what 
was to be expected to be found accompanying degeneration of the 
anterior pyramid on the right side of the medulla. But what was not 
to have been expected is the presence of another patch of degeneration 
upon the left side of the cord (i.e. on the side of the injury), occupying 
almost exactly the same position and of the same extent as the degenera- 
tion on the right side, but less accentuated by the process of staining 
employed, and therefore probably containing fewer degenerated fibres. 
The degeneration in the cervical cord is therefore bilateral, The fact 
is obvious in all the sections which I have prepared from it. 

I am not aware that a bilateral degeneration in any part of the cord 
following unilateral lesion of the motor tract higher up has as yet been 
observed. And it is the more perplexing because no symptoms were 
recorded in the monkey during life which indicated any loss of voluntary 
power on the left side of the body, and also because neither in the lower 
end of the medulla oblongata nor in the dorsal or lumbar regions of the 
spinal cord can a bilateral degeneration be made out. The only gleam 
of elucidation as to the source of the degenerated fibres in the left 
lateral column in this region which it has been possible to obtain is to 
be found in the observation above recorded of the apparent passage of a 
small part of the degenerated left anterior pyramid towards the left 
lateral column whilst the larger part took the more usual course towards 
the opposite lateral column. I have searched in vain for any sign of 
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degeneration along the pyramidal tract of the right side of the medulla, 
pons and crus cerebri, and of the right internal capsule. 
6. In the dorsal and lumbar regions of the cord. 

The dorsal and lumbar parts of the spinal cord were not placed in 

my hands but I have had the opportunity of examining a carmine-stained 
section of each, these having been placed at my disposal by Dr Ferrier 
by whom they were prepared. The situation of the descending degene- 
ration in these regions is shown in Figs. 10 and 11, Plate XIi. It is 
strictly unilateral, being confined to the right lateral column, and it there 
occupies the well-known position of the crossed pyramidal tract, tending 
gradually to approach the surface of the lateral column. Beyond its 
gradual diminution in size as compared with the same patch in the 
cervical region there is nothing special to be remarked about it: 


To sum up:—There has been removed in the monkey the greater 
part of the two central convolutions, and the adjoining yen of the 
frontal and parietal lobes on the left side of the brain. 

Underneath the lesion thus produced there has become formed by 
secondary processes in the medullary centre an excavation nearly 
conterminous with the superficial lesion and not involving the basal 
ganglia. 

The pyramidal tract connected with the left side of the brain has 
undergone the Wallerian degeneration throughout its whole extent. 

There exists an unexplained tract of degeneration in the left lateral 
column of the cervical cord. 


DESCRIPTION OF PLATE XII’. 


The figures represent outlines of sections magnified about 3 diameters, 
through various parts of the brain and spinal cord of the monkey. The 
degeneration-tract in each one is indicated by dark shading. 

Fig. 1. Oblique section through the internal capsule, corpus striatum, 
thalamus, &c. 

cc, Corpus callosum. 
Lateral ventricle. 
¢, Nucleus caudatus. 
n. 1. Nucleus lenticularis. 
th. Thalamus opticus. 
%&c¢. Internal capsule with degenerated bundles. 


1 The figures in this plate were kindly drawn for me by Mr H. H. Brown. 
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Fig. 2. Transverse section through the superior — quadrigemina 
a. 8. Aqueduct of Sylvius, 
IIT, Third nerves. 
é. Tegmentum. 
s.n, Substantia nigra. 
cr. Orusta with degenerated tract. 
_ Fig. 3. Section across inferior corpora quadrigemina. 
| P. Fibres of pons. The other letters as in Fig. 2. 
Fig. 4. Section across the pons Varolii. 
IV.v. Fourth ventricle. 
VIII. Auditory nerve. 
VI. Sixth nerve. 
Fig. 5. Section across the upper part of the medetle oblongata. 
o. -Olivary nucleus. 
Figs, 6 and 7, At the decussation of the pyramids. 
Fig. 8. Immediately below the decussation. 
Fig. 9. At the cervical enlargement of the spinal cord. 
Fig. 10, From the middle of the dorsal region. 
_ Wig. 11. From the lumbar region of the cord. 


ot 
ae 
* 
> 
Ag 
wt 
os 
Ra 
‘ao 
3 
Og 
RY 
rs 


\ 


= 
\ \ \ 
~ ‘\ — \ 
i \ \ \ 


The 
\ \ 
\ 
\ 
\ 
\ 
\ 
\ 
~ 
\ ‘ 


\ \ 
/ \ \ 
‘ “ 
oO 


JOURNAL OF PHYSIOLOGY 
~ 
| 
\ 
\ 
a 
nl Fig 9 : 
\ Fig.l \ 
ul 3 
\ a 
Fig.2. 
\ 
\ 
\ 
. 
OLA j \ JS 
bis 
vi j 
Kia 4 Py. 
Fig/5 


- 


Fa 
a 
a 
5 
i 


ON THE ELECTRICAL PHENOMENA OF THE EXCI- 
TATORY PROCESS IN THE HEART OF THE FROG 
AND OF THE TORTOISE, AS INVESTIGATED 
PHOTOGRAPHICALLY. By J. BURDON-SANDER- 
SON, MD. FRS, anv F. J. M. PAGE, DSc., FCS. Plates 
I—VIIL (X1L—xXx.) 


THE purpose of the present paper is to describe a method of obtaining 
photographic records of the phenomena of plant and animal electricity, 
as investigated by means of the capillary electrometer. The electrical 
changes which we have now succeeded in photographing are those we 
have described as regards the heart of the frog in a paper published in 
this Journal’. The apparatus employed is of the simplest possible 
character, the instruments and appliances being such as are to be found 
in most physiological laboratories. The electrometer was illuminated 
by a beam of light from an oxyhydrogen lamp, which was focussed on to 
the capillary tube by an ordinary condensing lens, having previously 
passed through a concentrated solution of alum. An enlarged image of 
the capillary tube is projected on a horizontal slit rather less than a 
millimeter in width at a distance of twenty inches, by means of a half- 
inch objective of A. Ross. The slit is inserted in a screen of thin wood 
of which the surface is blackened, about two feet high and a foot wide. 
The screen is not, however, vertical, but slightly inclined from the 
objective in the direction of the line of projection. About an inch 
behind the screen is a second screen parallel with it which carries on 
the surface facing the slit a railway, of which the rails run from top to 
bottom. On these rails a carriage runs which is supported on four brass 
wheels, and bears the photographic plate. Dry plates measuring four 
inches by ten inches were used. They were obtained from Messrs 
Wratten and Wainwright. 

As the carriage descends, the sensitive surface of the plate passes at a 
uniform rate before the slit. Uniformity of motion is secured by the 
following arrangement:—On the middle spindle of a clock provided 
with Foucault's regulator (one of those used for recording purposes) 
is fitted a brass pulley round which a cord is coiled, its end being 


1 “On the time-relation of the excitatory process in the ventricle of the heart of the frog.” 
Journal of Physiology, Vol. 11. p. 385. 
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attached to the carriage. The whole is so arranged that by the motion of 
the clock the cord is slowly unwound so as to allow the carriage to descend. 
The pulley is furnished with a ratchet so that the carriage can be brought 
to its highest position without interfering with the clock. To prevent 
acceleration the pulley is acted on by a counterpoise which ascends as 
the carriage descends. 

All the apparatus above referred to excepting the lamp, stands on 
a table in a room to which only non-actinic light is admitted. The 
lamp is in an adjoining room. The light passes through a tube (which 
can be closed by a cap) fixed in the partition between the two rooms. 

In all cases the changes recorded were consequent on mechanical or 
electrical excitation. The moment of excitation was recorded by means 
of a Deprez’ “signal” or chronograph, which was placed in the primary | 
circuit uf the induction apparatus when the excitation was electrical, or 
in the circuit of an electromagnetic apparatus used for mechanical 
excitation. The circuit was closed by means of a Ludwig’s interrupting 
clock, the arrangement of which was, however, altered so that it produced 
instantaneous closure at regular intervals (in our experiments usually 5”) 
instead of instantaneous breaks. At each closure the marking lever of 
the chronograph rises so as to shut off or to open a portion of the slit, 
the effect of which is marked in the photograph by a black or white 
dot, as the case may be. By a similar arrangement a second chrono- 
graph which is in a circuit alternately closed and opened by a reed 
which vibrates twenty times in a second, marks the progress of time. 

In all experiments the cooperation of two persons is essential, of 
whom one must be in the dark room, whose business it is to focus the 
capillary tube on the slit, to uncap and cap the tube which admits the 
light, to adjust the photographic plate on the carriage, and set it in 
motion at the proper moment. The second observer adjusts the light, 
and attends to the arrangements for leading off and for exciting the 
preparation. 

The method of using the apparatus will be best understood from an 
account of our procedure. The preparation having been arranged and 
connected with the electrometer as described below, the first step is 
to adjust the light and carefully focus the image of the capillary tube. 
The electrometer is then unplugged, and any electrical difference 
between the surfaces compensated as usual ; the light is then shut off by 
the cap, the photographie plate is placed in position, and the carriage 
brought up to its starting point. The carriage is then set in motion 
and the cap withdrawn. During the descent of the plate, it receives 
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simultaneously three records—namely, that of the movements of the 
column of mercury in the capillary, and those of the two electromagnetic 
time-markers of which one vibrates 20 times per second and the other 
indicates the moments of excitation. As soon as the plate has descended, 
the cap is replaced and the photograph developed or placed in a light- 
tight box. 

The experiments relating to the heart of the frog were made in 
August 1882. The heart was arrested by applying a Stannius’ | 
ligature. The preparation was placed on a well lacquered metallic 
surface of which the temperature is rendered constant (10° to 12° C.) by 
a stream of water (loc. cit. p. 395). The arrangement of the non- 
polarizable and exciting electrodes and their connections were sub- 
stantially the same as those described in our previous paper (p. 394). 
The experiments will be described in relation to the photographs. 


Fig. 1. 


The electrometer electrodes were in contact. at f and m with the 
base and apex of the ventricle of an uninjured Stannius’ preparation 
as shown in the diagram. In this and all other diagrams f designates _ 
the spot at which the electrode in connection with the mercury in the 
capillary is applied. The preparation was excited electrically at the apex 
a, the end of the platinum wires of the electrodes being one millimetre 


Dracram 1. 


» 
apart. The photograph exhibits a narrow black band which runs from 
end to end and is broken at intervals of 3 to 4 centims. These breaks 
are produced by the motions of the lever of the time-marker and indicate 
the excitations to which the ventricle was subjected during the descent 


1 For the binder the plates are numbered from XIII—XX, but for the text they have 
an additional numbering from I—VIII. 
24—2 
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of the plate, a period of about 30 seconds. Each break corresponds to a 
momentary closure of the primary circuit of the induction apparatus. 
Close to this is seen the faint tracing of the vibrations of the chrono- 
graph, marking’ 20ths of seconds. On the opposite side of the excitation 
_ line the movements of the mercury column are recorded. The record is 
to be read from top to bottom. A movement of the column of mercury 
towards the point of the capillary is indicated by a protrusion of the 
black into the light space. Such a movement we designate, as in our 
previous papers, negative, meaning thereby that the electrode which is in 
connection with the sulphuric acid tube of the electrometer becomes 
negative to the other. 

_ The photograph shows that the first phase of the electrical change 
follows the excitation at an interval of about 0°1”, the apex becoming 
suddenly and for an extremely short period negative to the base, that 
this is followed by a prolonged interval during which the electrometer is 
at zero, and that at the close of this period the apex becomes positive 
(second phase). In our former paper’ a theoretical curve is given as the 
result of our observations with the rheotome and galvanometer. This 
curve will be found to correspond with the a record above 
described. 


I. Fic. 2. 


The experiment corresponds with the preceding in every respect 
excepting that the exciting electrodes were applied to the base of the 
ventricle in proximity to the contact f. The electrometer record is the 
reverse of No.1. The first phase is positive, the second negative. The 
interval between the excitation and the beginning of the electrical effect 
is the same as before. This is the photographic counterpart of the 
rheotome observation recorded loc. cit. p. 399. Experiments 5 and 6 
severally correspond to Figures 1 and 2. 


Puate I. Fia. 3. 


In this experiment the exciting electrodes were applied not to the 
ventricle but to the right auricle immediately beyond the groove, the 
conditions being otherwise the same asin 2. The record resembles the 
last with this difference only, that the time-interval between excitation 
and electrical effect (first phase) is lengthened from 0°1” to 0°45”. 


1 In the original negative this tracing is perfectly distinct. 
2 loc, cit. p. 428. 
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In our paper on the rhythmical motions, &c. of the heart published in 
1878 (Proceedings of the Royal Society, Vol. 27, p. 411) we gave an 
experiment in which the interval between excitation and the beginning 
of the systole of the ventricle was longer by 0:3” when the ventricle was 
excited through the auricle than when it was excited directly. It 
might be inferred from this fact that the interval between excitation 
and the beginning of the electrical disturbance of the ventricle would be 
prolonged to a similar extent by shifting the electrodes from the 
ventricle to the auricle. The comparison of the two tracings, Nos. 2 and 
3, affords evidence that this is so. Although the distance between the 
two seats of application of the electrodes did not exceed 3 millims. the 
electrical interval was longer by 0°35” in No. 3 than in No, 2 


PLaTE II. Fic. 4 


The evintiot and seat of excitation were as in the first experiment 
(Fig. 1) but at the moment that the plate in its descent reached the slit, 
the apex of the heart was warmed by leading a current for three seconds 
through a coil of platinum wire placed at 3 millims. distance from the 
apex. This produces no modification of the electrical effect which 
follows the first excitation, but a marked increase of duration of the | 
terminal phase at the expense of the equipotential interval. This 
modification passes off gradually in the 4th and 5th excitations and 
disappears entirely in the 6th which is normal. This photograph is the 
counterpart of the rheotome observation No. 17 (loc. cit. 416). 


PLATE II. Fia. 5. 


Fig. 5 was photographed immediately after Fig. 4 the same 
preparation being used, but the warming was prolonged so that the 
surface of the ventricle at the apex was permanently injured. The 
first phase is diminished and eventually disappears. The record can be 
best understood by comparison with No. 6. 


Il. Fia. 6. 


The surface of the ventricle at the apex was further injured by 
bringing the hot wire into contact with it. The initial phase has 
entirely vanished. ‘The apex is strongly positive, the electrical difference 
between the two contacts remaining constant or nearly so during the whole 
excitatory period. This result corresponds with rheotome observations 
Nos, 21 and 22 (loc. cit. pp. 420 and 421), the results of which are 
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summed up as follows :—‘“In the inhibited ventricle, if either of the 

“leading off contacts is injured, the terminal phase disappears and the 

“initial phase is followed by an electrical condition in which the injured 

“surface is more positive or less negative, relatively to the uninjured 
“ surface.” 


Heart of Tortoise. | 
The photographs of the electromotive changes in the ventricle of the 
heart of the Tortoise were made in October and November 1882. The 


method was in every respect the same as the experiments relating to 
the heart of the frog 


PLATE Ill. Fie. 1. 


The electrometer electrodes were in contact with the ventral surface 
of the ventricle at the points indicated in the diagram. The preparation 
was excited electrically, the electrodes being applied to the a 
auricle at 2. 


DracRam 2. 


The time was recorded as before, but in consequence of the increased 
rate of descent of the sensitive plate, the time record is more distinct. 
The moment of excitation is marked by a minute black dot, which is at 
a distance of 14 centim. above ‘the first prominence which indicates the 
first phase of the electrical effect. Consequently the time-interval 
between excitation and the first phase was as nearly as possible a 
second. The isoelectrical period lasts 24 seconds. The second phase has 
the same > character as in the ventricle of the heart of the frog. 


P.iate Fias, 2 anp 3. 


The points of contact of the electrometer electrodes were as shown. 
The ventricle was excited mechanically, i.e. by a tap of the lever of the 
time-marker, which was furnished with a glass point for the purpose. 
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Photograph Fig. 2 was obtained when the seat of excitation was at 2, 
Fig. 3, when it was at a. It is seen that the two records are counterparts 


Draeram 8. 


of each other. The record is of value as showing that the negative wave 
of excitation is propagated from side to side of the ventricle, in the same 
way as from base to apex or from apex to base, and consequently that the 
character of the electrical disturbance is without relation to structural 
differences between base and apex ; and further that in passing from side 
to side of the ventricle it is unaffected by the direction in which the 
propagation takes place. In comparing Figs. 2 and 3 with Fig. 1, it 
will be noticed that in the latter the time-interval between excitation 


and first phase is exceedingly short, not exceeding a tenth of a second. 


In this respect compare Plate I. Figs. 2 and 3. 


 PLate IV. Fras. 4, 5 AND 6. 


Here the positions of the electrodes and the mode of excitation were 
the same as in the preceding experiment. In Fig. 4 the seat of 
excitation was at 2’,in Fig. 5 at In these and in the preceding 
experiments the temperature of the surface on which the heart rested 
was 12°C. Fig. 6 shows the effect of increasing the temperature to 20° C. 


PLATE V. Fias. 7,8 AND 9. 
The three photographs relate to the same heart. In the experiments 


of which they represent the results, the electrode in connection with 
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the capillary was at f, but the other contact was at m in Fig. 7; 
at m” in Fig. 8; and at m' in Fig. 9. The seat of excitation was the 
same throughout, viz. close to m. The purpose of the experiment 


was to show first that in the normal heart the time at which the 


first phase begins depends upon the distance between a (the seat of 
excitation) and the nearest of the two leading off contacts (in this 
case the contact m, m' or m”), and secondly that the moment of the 
cessation of the first phase, i.e. the beginning of the isoelectrical period, 
is dependent on the distance between x and the furthest contact f—in 
other words, on the time occupied by the excitatory negative wave 


in passing from # to f. Consequently the duration of the first phase if 


f and # remain unaltered, depends entirely on the position of m. 
In Fig. 7, the moveable contact being at m, i.e. close to 2, the interval 
between excitation and beginning of effect was short, less than a tenth 
of a second, the initial phase lasting four-tenths of a second and 
consequently terminating about half a second after excitation. In Fig. 8 
the contact was at m” 0°8 centim. from x The time-interval between 
excitation and first effect was correspondingly increased to three-tenths 
of a second, The duration of the phase was two-tenths, the phase 
terminating half a second after the excitation as in Fig. 7. As in Fig. 9 
the moveable contact occupied an intermediate position between m 
and m", the photograph is half-way between Fig. 7 and Fig. 8, as 
regards the time of beginning, and consequently as regards the duration 
of the first phase. These results are in complete accordance with 
the theory of the electromotive phenomena of the ventricle of the 
heart of the frog which is given on p, 428 of our former paper. 


PLaTE VI. Fias. 10, 11 anp 12, 


Photographs 10, 11 and 12 were taken consecutively, the contacts 


being as shown in diagram. Fig. 10 gives the normal variation 
consequent on electrical excitation at #. In Fig. 11 the platinum coil 


Diacram 5, 
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used in Plate II. Fig. 4 was brought into proximity with the contact 
f, and heated by the passage of a current for a few seconds before the 
descent of the plate. The effects of two excitations are seen of which 
the first shows a modification of the same kind as that previously 
photographed in the ventricle of the heart of the frog. The seat of 
warming being at the leading off contact furthest from the seat of 
excitation, the modification has an opposite sign to that shown in 
Plate II. Fig. 5. As regards the increased duration of the terminal 
phase at the expense of the equipotential interval, the two photographs 
correspond. In the second excitation shown, the modification is 
subsiding, but the terminal phase is still reversed as compared with 
the normal (Fig. 10), ie. has the same sign as the first phase. This 
of course can be readily understood if it is assumed that, in consequence 
of the warming, the duration of excitatory change (negativity) at 
f is diminished that at m remaining unaltered. In Fig. 12 the effect 
of permanent injury of the surface of the ventricle at f is recorded. 


Piates VII. anp VIII. Fias. 13—18. 


The purpose of the series of experiments to which these photographs 
relate was to obtain further evidence that the character of the excitatory 
variation in the ventricle is dependent on the time-relation of the 
excitatory change (negativity) at the two leading off electrodes, and the 
rate of propagation of the negative wave. If, for example, a transitory 
block could be interposed between m and / so as to retard for a time the 
propagation of the negative wave the result ought to be that m would 
remain negative, i.e. the first phase would be protracted until the 
block was passed, and that the moment at which this happened would 
be indicated by a sudden change in the electrical relations of the two 
contacts. With a view to testing this deduction, it was evidently 
advantageous to increase the distance between m and f to the utmost, 
so as to prolong as much as possible the time-interval between the 
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beginning of excitatory change at m, and the arrival of the excitatory 
wave at f The ventricle was therefore cut as shown in the diagram 
and a transitory block was produced half way between m and f by 
This was effected by a weighted lever, the end of which rested on 
the preparation and was provided with an india rubber sheath, to avoid 
injury of the surface’. In this way the degree of pressure used could be 
regulated with precision. The contacts f and m were in the positions 
indicated in the diagram. The exciting electrodes were applied to the 
right auricle. Fig. 13 shows the (nearly) normal variation, its total 
duration is four seconds, of which the terminal phase is scarcely distin- 
guishable. The short duration of the initial phase indicates that the 
contact m was close to its starting-pomt. The long interval between 
excitation and the first phase, which occurs when the ventricle is excited 
from the auricle, has been already explained. In Fig. 14 the modifica- 
tion of the variation due to cutting is seen. The direction and extent 
of the incision is shown by the dotted line. The cut was kept open 


DraGram 7. 


by the insertion of a cork wedge, and the leading off and exciting 
electrodes were in exactly the same position as before. It will be 
observed first that the duration of the excitatory effect is longer by half 
a second, and that it consists of two phases, of which the first passes 
abruptly into the second without an isoelectrical interval. 

The first phase lasts 0°55” whereas before the section it lasted 
0:25”. During the remainder of the excitatory period, m is positive to f 
The next photograph (Fig. 15) shows a similar but more pronounced 
modification of the same kind produced in exactly the same way. Here 
the first. phase lasts one second, passing abruptly as before into an 
electrical state of opposite sign. 

1 An ordinary myograph lever was employed. The distance between the axis of the 


lever and the point on which the weight rested was one third of the total length of the 
lever. Consequently the pressure was that of a weight one third of that actually used. 
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Plate VIII. Figs. 16, 17 and 18 refer to the same preparation. — 
The contacts were as shown, The variation after section is recorded 


Dracram 8. 


in Fig. 16: it lasts less than three seconds. With the exception of the 
protracted first phase, of which the duration was 0°4”, it exhibits the 
characters of the normal excitatory effect. Fig. 17 shows the modifica- 
tion which resulted from the application of pressure at the point v'. 
The effect of the pressure (100 grammes) was, so long as it was con- 
tinued, to obstruct completely the propagation of the excitatory wave, 
i.e. the auricular contraction was followed by a contraction of the part 
of the ventricle on the auricular side of the block—the rest of the 
ventricle remaining relaxed and motionless. The pressure was then 
removed and the preparation left to itself for half an hour—at the 
end of which period the photograph (Fig. 17) was taken. The period 
of exposure includes two excitations, in the first of which the negative 
wave passed the block, but failed to pass in the second. The photo- 
graph shows in the most striking way how the character of the elec- 
trical disturbance is affected by changes taking place at the more 
distant of the two leading off contacts. It is.seen that after the first 
excitation, the contact m becomes negative and remains so for 1°7 
second, i.e. until the excitatory wave has passed the block. The two 
contacts then remain equipotential for a short time, after which, m 
becomes positive in consequence of the arrival of the negative wave at /. 
In the second excitation the initial phase begins as before, but as 
the excitatory wave fails to pass the block, m remains negative to 
the end of the excitatory change, i.e. for 2°3 seconds; the part of the 
heart beyond serving as a physiologically inactive conductor. The 
terminal phase which follows the isoelectrical period in the first ex- 
citation is entirely absent in the second, it being the expression of the 


tha of the two parts into which 
the ventricle is divided by the cut, 
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_ excitatory process in the part of the ventricle beyond the block. In 


Fig. 18 the excitatory effects are given of two successive excitations, . 


-both of which failed to pass the block. 

As the photographic records commented on in the preceding para- 
graphs confirm in every respect the conclusions of our former paper 
as to the nature of the electrical phenomena which accompany the 
excitatory process in the ventricle, it is unnecessary to set them forth 
again in full. It is sufficient to note that the photographs afford the 
strongest evidence in favour of the’ most important of. those results 
namely (1) that the electrical excitatory change instead of lasting a 
fraction of a second as supposed by all previous observers (its maximum 
duration according to Engelmann being half a second) lasts at 
ordinary temperatures about two seconds, and (2) that in all cases the 
_ character of the electrical variation may be satisfactorily explained as 
resulting from the time-relations of the electrical processes which have 
their seats at the two leading off electrodes during ~ period sp the 

excited state of the ventricular tissue lasts. 
photographs which exhibit the by 
heating and injury will now be seen to admit of no other explana- 


tion than the simple one previously given, namely, that the effect of 


both consists in diminution of the physiological activity of the parts 
which are the seats of their influence, the difference between them 
being that one is transitory, the other permanent. 

The experiments on the effects of pressure, which it may be noted 
were frequently repeated, show that this acts in a manner strictly com- 
parable to that of heat, i.e. a bit of ventricular tissue has its function 
(as evidenced by its electrical reaction to excitation) depressed, just as if 
it had been heated. And, as in the case of heating, the injury is transi- 
tory when slight, permanent when more intense, so the effect of slight 
pressure passes off entirely, whereas more severe pressure deprives the 
compressed part both of its power of conducting the excitatory wave 
and of its excitability. 

The results of our experiments appear to us to establish the applica- 
bility of the Capillary Electrometer as an instrument of physiological 
investigation and the value of the photographic method as a means 
of recording electrical changes in living structures. The imperfections 
which are obvious in the plates now published (all of which are untouched 
photo-lithographic reproductions of the original negatives) will, we are 


confident, be got rid of by —* apparatus which is now in process 
of construction, 
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EXPERIMENTS UPON THE EARS OF FISHES WITH 
REFERENCE TO THE FUNCTION OF EQUILI- 
BRIUM. By HENRY SEWALL, B.Sc. Ph.D. Professor of 


Physiology in the University of Michigan, Ann Arbor, U. 8. A. 


THE preservation of the equilibrium of the body and the power of 
performing coordinated movements are of such vital importance to the 
well-being of the animal that we should expect on a priori grounds that 
the utmost precautions would be observed in the physiological structure 
_ of the body to preserve in normal condition the sensations which give 
rise to a knowledge of position and thus supply the coordinating motor 
centres with the information necessary for their action. We find, 
accordingly, that ideas of position, or what may be called sensations of 
_ equilibrium, may be excited by impulses reaching the brain along 
very diverse channels, Indeed it might reasonably be urged that 
every sensation pays its tithe to the general sense of equilibrium. 
But for the present purpose it is only necessary to call attention to 
the well-known fact that our ideas concerning the position of our 
bodies are affected quite distinctly through the visual, tactile and 
muscular mechanisms; and when the combination of the various 
sensations excited through these different instruments does not accord 
with experience, the sense of equilibrium is disturbed and manifests its 
trouble in movements falsely designed to steady the body. But the 
fact that a knowledge of changes of position may be acquired without — 
the activity of any of these sources of information, has suggested the 
hypothesis that there is in the body a special peripheral sense organ of 
equilibrium capable’ of being excited by movement; and the great 
number of physiological experiments which have confirmed the original 
discovery of Flourens have indicated as this peripheral organ the 
system of membranous semi-circular canals of the aural labyrinth. 
It need hardly be repeated here that the most elaborate and complete 
explanation of the physiological action of this supposed apparatus of 
equilibrium is that contained in the essentially similar theories of 
Goltz, Crum-Brown and Mach. According to these authors, the 
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endolymph within the membranous labyrinth presses, with every n 
movement of the head, with greater or less force upon the endings of “a 
auditory nerves within definite ampulle of the canals and thus me- 
chanically stimulates those nerve filaments. When a canal is severed 
there is supposed to be an escape of endolymph and this, by diminishing 
the pressure upon the ampullary apparatus, gives rise to false sensations 
of motion. According to this view the relation of the semi-circular 
canals to the sense of equilibrium is nearly as intimate as that of the | j 
eye to vision. Cyon, while assenting to the general hypothesis as 
to the function of the canals, believes’ that the disturbances of equi- 
librium provoked in an animal whose labyrinth has been injured are 
due, not to the failure of normal sensations, but to the direct irritation 

of the auditory nerve caused by the operation. 

Ba ginsky’, ‘in renouncing all previous theories, calls attention to 
the fact that, in mammals, the perilymph spaces of the labyrinth are in 
communication, by way of the aqueductus cochlew, with the sub-dural 
space of the brain; and that in the pigeon the interior of the labyrinth 
is continuous with the arachnoidal cavity through the aqueductus 
vestibuli. This author believes that all disturbances of equilibrium 
which arise from operations on the ear are the effect of direct irritation — 
of certain areas of the medulla or cerebellum, and he divides the results 
into two groups of primary or transitory and secondary or permanent 
disturbances. The first effect of an operation upon the labyrinth is to 
place the arachnoidal space of the brain in open communication with 
the exterior. The alternate swelling and subsidence of the brain due to 
the respiratory variations of the blood flow, give.all the pumping action 
that is necessary to force out and in the cerebro-spinal fluid and thus — 
cause mechanical irritation of the brain by variation of pressure upon its 
surface at the point of the internal opening of the channel connecting 
the cavity of the labyrinth with that of the brain. It may be remarked 
that Hégyes’ describes more recent experiments in which he passed-a 
fine tube into the brain space of a rabbit and by this means drew 
cerebro-spinal fluid from the region in question, without the least 
evidence of equilibrium disturbance. Baginsky denies, what-has-been — 
so often affirmed, that lesions of individual canals are followed by 
specially definite peculiarities of motion or position; but some days 
after the apparent recovery of an animal from the effects of an operation, 


f- Anat. u. Phys. 1881,§201. 
2 Hogyes, Pfliiger’s Archiv. Bd. 26, § 558. - 
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there may come on a secondary or permanent affection of equilibrium 
which is due to local inflammation of the brain near the labyrinthine 
opening, set up, no doubt, by the friction of the brain surface against 
the wall of the cranium, in the absence of a sufficient quantity of the 
cerebro-spinal fluid. Baginsky was able to functionally destroy in a 
dog the system of semi-circular canals on both sides and the animal, 
though under observation for months, showed no abnormality in its 
coordinating functions. 

On taking up this subject more than two years ago, it seemed to the 
writer that the fish was better fitted than any terrestrial animal for 
giving an experimental solution of the problem concerning the relation 
of the semi-circular canals to the equilibrium sense. _ For in the fish it 
would seem that the visual, tactile and muscular sensations can have 
comparatively little influence in giving rise to ideas of the position of 
the body. The visual field of that animal is not mapped out by very 
clearly distinguishable objects, so that sensations arising from it probably 
neither normally give so much assistance to the maintenance of equili- 
brium nor aggravate the disturbances which may be artificially set up, as 
is the case among land animals. The whole surface of the body is 
equally touched and: buoyed by the water and therefore the tactile and 
muscular sensations, which in the animals best known have a very 
important relation to the equilibrium sense, here probably have com- 
paratively feeble influence upon the ideas of position. Moreover, the 
frame of the fish is incapable of that distortion which in the injured 
pigeon, for example, perhaps complicates the results of experimentation. 
For reasons like these it seemed that the fish might be expected to 
depend to an unusual degree, for the maintenance of its equilibrium, 
upon sensations arising from the stimulation of some special sense 
organ ; and that any results arising from operations upon its ear should 
be complicated to a minimum degree by the sensations arising from 
other organs. The cartilaginous fishes were chosen as the subject for 
experiment because the ear of animals of that group is unexampled 


in the size of its parts an the ease with which = tannic may be 


carried out on it. 
The experiments to be described were carried on by means of the 


facilities offered at the Marine Laboratory of the Johns Hopkins 


University during the summer of 1881 at Beaufort N.C. and again 
in 1883 on the Chesapeake Bay. My hearty thanks are due to Dr 


-W..K. Brooks, Director of the Laboratory, for aid rendered in the 
. prosecution of the work. At Beaufort large numbers of very young 
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specimens, 12 to 15 inches long, of the common man-eater shark (Carch- 
arodon 2), were caught by fishermen in their drag-nets. The common 
skate (Raia), measuring some 12 inches across the fins, was also obtained 
in abundance. In the Chesapeake the sharks operated upon were 
apparently of the same species as those found at Beaufort but of much 
larger size, measuring from 3 to 4 feet in length. 


The anatomy of the shark's ear. 


It may not be out of place to give here a short description of the 
arrangement of some of the parts of the shark’s ear. The membranous 
labyrinth lies in a very roomy space which preserves the general form of 
the membranous apparatus though not nearly filled by it. The labyrinth 
is mostly firm and thick walled; the bore of the canals is relatively 
minute. On cutting open the labyrinthine spaces a somewhat dense, tough 
framework of connective tissue, rather richly supplied with blood-vessels, 
is seen attached to the wall of cartilage and more or less completely 
filling the space around the membranous labyrinth and closely investing 
the latter. This connective tissue roofs in the vestibule, forming a sac 
filled with perilymph. Looked at from above, the three semi-circular 
canals form a triangle with the apex near the median line; at this 
point the anterior and posterior vertical canals unite separately with the 
utriculus. The anterior canal passes forward, outward and downward, 
and the posterior backward, outward and downward, and each, after 
more or less completing a circle in its respective plane, swells out into a 
globular, thick-walled ampulla. The median and anterior part of the 
horizontal canal lies in a horizontal plane; its ampulla is near and 
a little below and behind that of the anterior vertical canal. Within 
the space inclosed by the three canals is the vestibule which is incom- 
pletely divided, by a cartilaginous partition, into a large, posterior and a 
smaller anterior chamber which contain respectively the utriculus and 
the sacculus each of which is filled with a white mass of microscopic, 
crystalline otoliths. The utriculus is triangular in shape and lies upon 
the floor and median wall of the vestibule; its under wall is thin: and 
firmly adherent to the cartilage except at the upper inner apex of the 
sac where the three semi-circular canals unite with it separately. 
The ampulls of the anterior vertical and horizontal canals send out 
each a tubular prolongation of greater calibre than, and opposite to, the 
corresponding canals; these prolongations unite and pass as a rather 
thick-walled tube to enter the upper and median part of the utriculus. 
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_ The sacculus unites with the under part of the tube just described, 
_ appearing as a diverticulum from it, and the mass of otoliths within the 
utriculus is continuous with a similar heap in the sacculus. The 
branches of the auditory nerve attached to the ampulle of the anterior 
vertical and horizontal canals and to the sacculus are readily seen when 
these parts are laid bare. Some time after death the endolymph filling 
the labyrinth is found as a gelatinous mass, but it appears that this is a 
coagulated condition and that in the living animal the endolymph is in 
a perfectly fluid state. The perilymph is watery in consistency and 
does not appear to coagulate after removal from the body. 

In order to carry on the observations, a thread some ten to twenty 
feet in length was tied round the tail of a shark and made fast to the 
side of the small boat in which the operations were performed. The 
normal motion of the animal is unmistakable, the creature usually 
- swimming straight away from the boat and obliquely downward. In the 
case of the skate the string was passed by means of a needle through 
the skin at the root of the tail spine and tied round the latter. By no 
means at my command was it possible to keep alive even uninjured 
sharks for many hours; but the skate appeared to be much hardier and 
specimens have been kept under observation in a “live-box” from one 
to seven days after having undergone an operation. In the experiment 
the fish was taken out of the water for a few seconds continuously and, 
while held on the side of the boat, a triangular flap, with the apex 
above, was cut out of the skin just over the position of the semi- 
circular canals and the muscular tissue covering the cartilage was cut or 
scraped away; the bleeding was insignificant in amount, The animals 
were observed during one to six hours after operating. Records were 
made of experiments performed upon more than ninety individuals, 


Section of the semi-circular canals, 


- When, in a shark, either or all of the semi-circular canals on one side 
only are cut through the results are wholly negative ; that is, the animal 
swims in the same manner as when uninjured; whatever peculiarity of 
position or motion may ensue is, without doubt, due to general muscular 
weakness. The same want of positive effect succeeds section of the two 
vertical canals on both sides, both in the shark and the skate, Each of 
the six canals of both shark and skate has been individually severed 
with uniformly negative result. 

Most of the bony fishes at my command were ill adapted for 
PH. IV. 25 


+ yal 
. 
A 
3 
FF 
ag 
a 
A 
\ 
g 
‘ 
4 
= 
% 


344 SEWALL. 


experiment; but in the sea-mullet (Umbrina), the ear-bones are soft and 
spongy and the membranous canals of large size. In one such specimen 
all the canals on one side were cut through and in another the vertical 
canals on both sides were divided without producing any disturbance of 
equilibrium. 

The methods of experiment were varied as widely as possible. 
In a shark, for example, the anterior vertical and horizontal canals were 
successively divided on both sides close to their corresponding ampulle, 
and nearly completely excised, with quite negative results. In another 
shark, in addition to the foregoing operation, the canal of communication 
between utriculus and sacculus was carefully opened by a cut with the 
scissors on each side without effect. It will be noticed that by this 
procedure the saccules with the ampullz of the anterior vertical and 
horizontal canals were completely sundered as channels from the rest of 
the labyrinth. 


Effects of laceration of the vestibular sacs and of the removal 
of otoliths from them. 


It is easy, especially in the shark, to cut away the cartilaginous roof 
of the vestibule without injury to the labyrinth. On removing the 
thin membranes contained in the perilymph space, the utriculus with its 
mass of otoliths is seen lying on the floor of the chamber, and the point 
of a glass pipette may be readily inserted through the wall of the sac 
and the otoliths drawn and washed out of it. Such an operation is 
rewarded by the most discordant results. Occasionally, both in the 
shark and skate, neither extensive cutting of the sac nor removal 
of otoliths from it produced the slightest apparent change in the 
behaviour of the animal, On the other hand, the same treatment was 
frequently followed by quite definite, undoubted signs of disturbance 
of equilibrium. Mere opening of the utriculus in the skate is without 
effect, but on removing the otoliths there is usually a tendency to swim 
downward in a circle toward the side operated on, and after the otoliths 
are removed from both sides the animal dives downward and occasionally 
turns somersaults in a vertical plane. The effects come out more 
strongly if the floor of the vestibule be smartly scraped with the point 
of a scalpel. Much more marked disturbances following similar treat- 
ment, have been observed in sharks, After a unilateral operation the 
fish dives downward, usually toward the injured side; when the otoliths 
are removed from both sides there follows a complex disturbance 
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apparently resulting from a combined tendency to perform somersaults 
and to turn round the long axis of the body, the resultant being a 
spiral or corkscrew motion through the water. Similar effects some- 
times follow simple laceration of the utriculus without removal of the 
otoliths. All disturbances of equilibrium come out most strongly when 
the animal is agitated, as by being suddenly thrown into the water. 

By far the most positive results follow experiments upon the sacculus, 
When this sac in the skate is opened on one side with the scissors there 
is an immediate tendency to dive more abruptly than usual and to turn 
round the long axis toward the injured side. On pursuirig the same 
_ treatment on both sides, the lateral motion commonly becomes converted 
into a series of somersaults. When, in addition, the otoliths are drawn 
from each sacculus, the skate becomes much agitated, swimming round 
and round in a vertical plane in a circle two or three feet in diameter. 
One skate treated in this way shewed the same motions with undimin- 
ished force on the seventh day after the operation. In another specimen, 
kept alive for two days, the definite disturbance passed finally into a 
more general agitation and uncertainty of movement. 

It frequently happens in effective operations of all kinds that 
unilateral injury is followed by hardly perceptible disturbance which, 
however, becomes marked when both sides have suffered. In the shark, 
laceration of the saccules and removal of the otoliths are, as a rule, 
attended with the same general results which have been described in the 
case of the skate; but sometimes similar injuries were attended by no 
special disturbance. 

In all instances the results of experiment were more nearly negative 
the more neatly the operative manipulation was performed, 


Fe. boies of operations upon the ampulle of the anterior vertical and 
horizontal canals, 


These ampulle in the shark are laid bare with little difficulty ; but 
in the skate they lie much deeper and are not readily isolated without 
injury to other parts. 

In the preliminary operations the ampulle were cut into or excised 
bodily with a somewhat constant result of equilibrium disturbance. 
The character of the movements after such an experiment is not simple 
but apparently determined by an effort to swim in more than one plane 
at the same time. It could not be made certain that definite differences 
existed between the unnatural movements arising from operations upon 
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the various ampulle, though after injury of those belonging to the 
_ anterior vertical canals there seemed to be a more general tendency to 
turn round the long axis of the body, while like treatment of the 
ampulle of the horizontal canals was followed by diving movements 
with a disposition to perform somersaults. As before, unilateral opera- 
tions caused the animal to swim toward the injured side. 

For a considerable time it was thought that a peripheral organ of 
equilibrium had thus been proved to have its seat in the ampulle of the 
semi-circular canals; but some trustworthy operations having failed to 
produce in & decided manner the disturbances which have’ been referred 
to, the subject was taken up at greater length and the experiments were 
conducted with much care. 

The bundle of nerve fibres which passes from the auditory nerve to 
the ampulla of the horizontal canal may be readily cut across without 
interfering with the membranous labyrinth. When such an operation 
is skilfully performed on either or both sides, the result is wholly 
negative. I have frequently succeeded also in completely dividing and 
even in excising the ampullz with like negative results. 

It was thought that perhaps this want of positive effect might be due 
to simple removal of part of the apparatus of equilibrium whose function 
might be so well vicariously supplied by other organs that no marked 
disturbance could be detected. Accordingly it was sought to irritate the 
ampullary nerve endings and watch for positive effects. In a shark, 
four ampulle were exposed and one by one were crushed between the 
blades of a pair of forceps; the fish shewed not the least disturbance 
of equilibrium either in the course of or after the manipulation. 

It has been attempted to give with full force all positive results 
occasioned by operations upon the labyrinth. But the chief object of 
this paper is to call attention to those experiments in which the most 
complete destruction of the various parts of the ear were attended with 
no apparent failure of equilibrium. 

The experiments upon sharks, as described above, were all performed 
upon the very young specimens found at Beaufort. But the larger 
animals obtained in the Chesapeake appeared to have more resistant 
vitality and to suffer but very slight disturbance of equilibrium after the 
most extensive lesions of the labyrinth. The record of a single experi- 
ment on an active shark about three feet in length may more forcibly 
illustrate the point. Cut through the ampullary nerve of right hori- 
zontal canal; no result. Broke, by pulling, the same nerve on the 
left; no result. On the right side excised the ampulla of the anterior 
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vertical canal and divided the horizontal canal near its ampulla; no 
result. With forceps removed the sacculus and the ampulla of the 
horizontal canal on the left; the shark is much weakened but swims 
naturally and shows no disturbance of equilibrium. Removed the 
sacculus on the right side; no result. Destroyed the retina of each eye 
with the point of a scalpel; there is no active disturbance, but the 
shark swims upon the back when so placed, probably because of general 
weakness, Roughly scraped the utriculus on each side; the animal 
still swims with natural motion, though it does not turn over when 
_ placed upon the back, a result explained by its general weakness. she 
whole series of observations lasted about one hour. 


Reflex effects upon the eyes and other organs which ie irritation 
of the labyrinth, 


Peculiar jerking motions of the eyeballs have long been recognized 
as occurring during experiments upon the semi-circular canals, and have 
been ascribed to vertiginous sensations aroused by the stimulation of 
nerves subserving the sense of equilibrium. Hégyes’ has recently 
observed nystagmus in a mammal upon mechanically irritating the 
ampullary nerves. I can confirm these results to the fullest extent. 
Touching with an instrument the nerve attached to an ampulla in the 
fish produces active jerking motions of both eyes. Slight mechanical 
irritation of the ampulla itself has the same effect, provided its nerve be 
intact. Stimulation of the vestibular sacs, especially the act of removing 
the otoliths from them, produces violent nystagmus. Section of the 
canals alone was without any such result. The nystagmus lasted only 
during the application of the mechanical stimulus and was not neces- 
sarily followed by any disturbance of equilibrium. It is interesting to 
notice that operations upon the ampulle and their nerves were very 
frequently followed by vomiting, often without equilibrium becoming 
affected. | 

There is an interesting reflex eye motion which has frequently 
presented itself to my attention, and which may be profitably considered 
here, If the head be quickly severed from the body of a living fish and 
laid upon some horizontal surface, the eyes will assume a certain position 
_ which is the result of active muscular effort. If now the head of the 
fish be rotated through 100 degrees or so to the right and then brought 
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to rest, the eyeball can be seen, after the rotation is stopped, to slowly 
turn through a small angle to the right. The converse after-motion of 
the eye follows a rotation of the head to the left. This after-motion of 
the eyeball is a reflex action, involving the excitement of a nervous 
centre, as is proved by the fact of its failure after the destruction of the 
brain, The reflex may no doubt be properly regarded as the evidence 
of a sense of position of the eyeball, the afferent stimuli which affect the 
centre originating in a strain upon the muscles of the globe as it lags 
after the mass of the head when the latter is turned round. Special 
pains were taken in a number of experiments to determine whether the 
sense of position, as indicated by this after-motion of the eye, was 
affected by operations upon the labyrinth. The matter was tested by 
simply holding the fish upon its side and turning it through an angle in 
a horizontal plane; in the uninjured animal the after-motion of the 
eyeball was invariable. As a general result of experiments in this 
direction, it was found that the reflex was only interfered with by those | 
lesions of the labyrinth which were attended with very decided and 
permanent disturbances of equilibrium; in such cases the eyes became 
fixed and staring ; any manipulation of the labyrinth, however extensive, 
which did not result in distinctly unnatural locomotion was without 
influence upon the ocular reflex, and even in some cases in which 
equilibrium disturbance was quite apparent the reflex was tolerably 
well preserved, though gradually failing after more extensive injury and 
disturbance. 

The experiments which have been described were performed under 
unusually favorable anatomical conditions, but it must be confessed that 
the results obtained are far from forming a solution of the problem 
investigated. Perhaps Baginsky would explain the many negative 
sequences of operations as due to the probable lack of respiratory 
oscillations in the volume of the brain which, in the bird and mammal, 
he supposes to be effective in forcing the cerebro-spinal fluid through 
the divided semi-circular canals. In this connection it is noteworthy 
that lesions produced less positive effect in the larger sharks, in which it 
may be presumed the anatomical structure of ease ear has reached a 
more perfect development. 

The positive disturbances of equilibrium so often witnessed, the 
reflex nystagmus following mechanical stimulation of the ampullary 
nerves and the vestibular sacs, and the vomiting sometimes succeeding 
injury of the labyrinth, all point decidedly toward some sort of func- 
tional relation between the ear and the sense of equilibrium. 
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| But as it appears that the most extensive lesions of the labyrinth and | 
| its nerves may be completely devoid of any effects upon the equilibrium 

| of the fish, it would be a bold mption to consider that apparatus a 
special sense organ, in the usual acceptation of the term, for the preser- 
vation of the equilibrium of the body. 

__ As the most decided disturbances of all kinds succeeded injuries of 
the vestibular sacs, particularly the saccules, rather than of the ampulla, 
considering at the same time the lack of definite disturbance accom- 
panying special lesions, and the uniform failure of positive result after 
section of the cahals alone, it seems impossible to consent to the ingenious 
endolymph-pressure as propounded by Goltz, Mach.and others, 
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OF THE INFLUENCE OF CERTAIN DRUGS ON THE 
PERIOD OF DIMINISHED EXCITABILITY. By 
SYDNEY RINGER, MD., anp HARRINGTON SAINS- 
BURY, MD, PlateXXlL 


IN a series of experiments on the comparative effect of certain of the 
salts of potassium, sodium and ammonium on the activity of the Frog’s 
ventricle, the results of which were given in a paper read before the 
_ Medico-Chirurgical Society, June 13, 1882, the effect of continuous 
faradization applied to the ventricle was described shortly. This effect 
was much modified by potassium hydrate and potassium salts generally, 
so much so, and so distinctively that the modification was quite charac- 
teristic of these salts. | | | 

The effect of continuous faradization applied to the undrugged 
ventricle is, it will be remembered, to cause what appears to be a 
blending or fusion of neighbouring contractions. A necessary provision 
for this is that the intensity of the current and the frequency of 
interruption be sufficiently great; these being given, the above-mentioned 
fusion occurs and constitutes continuous spasm. The completeness of 
this fusion is dependent, caet. par., on the intensity of the current. 

Given such fusion, in response to continuous faradization, potassium 
salts, thrown into the circulation, gradually lessen the fusion and, as the 
dose increases, remove it completely; finally in the later stages the 
effect is as follows :—even though at the time spontaneous beats of good 
value and of good frequency are happening continuous faradization 
abolishes them completely so long as it is applied; on its cessation 
spontaneous beats after a longer or shorter interval recur. This result 
may be reproduced again and again, it is quite definite and constant. 

It was toward the elucidation of at least one part of the potash 
action, viz. its lessening of the above-mentioned fusion, that the present 
experiments were undertaken. M. Marey* it will be remembered 
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applied: the term “tetanus” to the fusion resulting from a rapid 
succession of electric stimuli thrown into the ventricle. The expla- 
nation given by him of this phenomenon is involved in the present 
subject, it may therefore with advantage be restated. Marey, in the 
first place, shewed that the excitability of the heart was not the same 
during the whole period of a beat, ie, during the period comprising 
both systole and diastole. Thus he demonstrated that a minimal 
stimulus applied during systole was ineffectual whilst the same applied 
during diastole was responded to by contraction. The period of di- 
minished excitability he named the “refractory phase,” and he shewed 
that its duration was dependent on the strength of the stimulus applied 
during the same; the stronger the stimulus, the less the duration, till, 
with sufficient strength of stimulus the “refractory phase” was com- 
pletely abolished. Next Marey shewed that a rapid succession of 
minimal stimuli applied to the heart were responded to by a very much 
smaller number of contractions, these latter being quite discrete, but 
that, as the intensity of the stimuli was increased, the rapidity of 
succession being maintained, the number of contractions increased till 
finally adjacent contractions overlapped each other and fusion more 
or less. complete obtained. The conclusion drawn was that of the 
close series of weak (minimal) stimuli the greater number fell during 
refractory periods and therefore were ineffectual, but that, as with 
growing strength of stimulus the refractory periods lessened, the number 
of ineffectual stimuli lessened pari passu, and hence in the final stages 
the fusion arose. Underlying fusion then we should have, according to 
this, “diminution” of the refractory period, and the question now to be 
put is, have we, underlying the potash effect, which shews us the 
reverse of the above, viz. the undoing of fusion, a “lengthening out” 
of the refractory period? In addition, the present series of experiments 
includes the influence of the bases sodium and ammonium; these were 
examined in like manner to the potassium base. 

Dr Burdon-Sanderson very kindly superintended the arrangement 
of an apparatus whereby break shocks alone might be used to stimulate 
the frog’s heart. The chronograph was placed in the primary circuit, 
whilst, by means of a metronome, the pendulum of which carried a wire 
which was made to dip into a pool of mercury, the primary was short 
circuited once for every to and fro movement of the pendulum; the 
moments of make and break were thus recorded by the chronograph. 
By means of the hammer of the induction apparatus, employed as a 
magnet key in the secondary circuit, the make shocks were cut off. 
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Hence the moment of break recorded on the cylinder alone corresponded 
to the moment of stimulation. : 

Such an apparatus then records accurately the moment of stimula- 
tion, at the same time it allows us, by means of the metronome, to 
regulate at will the interval between two successive stimuli, __ 

To avoid criticism it may be here stated that the exact measurement 

of changes in duration was not attempted, the question which it was 
sought to answer was whether shortening or lengthening of certain 
periods did occur; this the apparatus here described enabled one 
definitively to 
_ Since lengthening or shortening, rather than by exactly how much 
the one or other obtained, was that which concerned us, it was sufficient 
to note the position of the indicator on the stem instead of taking the 
actual number of beats as marked on the metronome scale for each 
position of the indicator, or indeed instead of timing the rate accurately 
by the watch for each such position. Hence metronome 1, i.e. with 
the indicator at the topmost mark, indicated the slowest rate, metronome 
32 the quickest rate. This range in the positions of the indicator 
from 1 to 32 gave a considerable range in rate, amounting approximately 
to a multiplication of the rate by two, or a little in excess of this. 

For the rest the apparatus used consisted of a Roy’s tonometer and 
revolving drum. The heart was fed with a mixture of dried bullock’s 
blood dissolved in water and further diluted with two and a half times 
its volume of saline solution 0°75 per cent. Of this mixture 100 c.c. were 
used in each experiment. 

The common English frog (R. temporaria) was throughout employed. 

It was important in these experiments that the heart should not. 
beat spontaneously or at any rate that the spontaneous beats should be 
infrequent, the ligature was hence tied low so as to include part of the 
ventricle, the upper third where possible. 

The experiments were made during the months of June, August and 
September, 1882. 

The mode of experimentation was as follows :—the metronome being 
set at some given rate, the cylinder was started and two successive 
stimuli thrown into the heart. The result might be a single contraction 
or two contractions; if two contractions, these might be quite separate, 
the diastole of the first contraction being completed before the second 
systole commenced, or there might be fusion more or less complete. If 
but one contraction resulted the metronome was set at a slower rate, if 
two discrete or but partially fused contractions it was set at a quicker 
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rate. In this way the earliest point at which a second stimulus was 
effective was found. As a rule such earliest stimulation gave fusion 
complete or all but complete. (See Figs. A, B, 0, Trace I.) 

An arbitrary but fixed position of the secondary coil was maintained 
during the above determination. 

The length of the “period of diminished excitability”’ was thus 
obtained and was seen to comprise : 

1. The latent period. 

2. A certain portion of the “beat” itself, i.e. of that time during 
which the heart is undergoing visible change of form. 

The position of the second stimulus on the contraction curve enables 
one to determine the duration of this second element. 

. Note that the essential in the present mode of experimentation 
consists in the application of the stimuli in pairs and the ability to 
regulate at will the length of the interval separating the stimuli of each 
couple, 

The word excitability has in general been employed solely with 
reference to strength of stimulus; diminished and increased excitability 
implying corresponding increase and diminution in the strength of the 
stimulus adequate to produce a given effect. The use of the term may 
with advantage be extended and made to refer to the length of the 
“period of diminished excitability,” the strength of the stimulus in this 
case remaining constant. In this specialized sense the statement that 
the excitability has been diminished will signify that the “period of 
diminished excitability” has been lengthened out, the reverse, of course, 
obtaining if the word increased be the qualifying term. The repetition 
of a somewhat lengthy phrase is thus avoided at the same time — 
that there is no likelihood of confusion arising. The word excitability 
when made to refer to strength of stimulus implies a ‘ prepared’ state of 
the excitable tissue, the stimuli being separated by intervals of sufficient 
length to permit of recovery from the effects of the one before application 
of the other; hence an antecedent effective stimulus has no special 
signification here. When however the word excitability is made to refer 
to the length of the “ period of diminished excitability” the antecedent 
effective stimulus is an essential element, for the word excitability now 
refers to an unprepared state of the tissue, the result of the preceding 
activity, and it implies an interval for preparation. If then a longer 


1 The term “period of diminished excitability” is employed in a paper on ‘‘the time 
relations of the excitatory process in the ventricle of the frog’s heart,” by J. B. Sanderson, 
M.D., F.R.S., and F. J. M. Page, B.8c., F.C.S., Journal of Physiol. Vol. 1. Nos. 5 and 6. 
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interval is needed by the heart to recover its excitability, this latter is 
fitly described as diminished; in like manner if a shorter interval is 
requisite the excitability may be described as increased. Before experi- 
menting with drugs it was necessary to determine what, if any, variation 
occurred normally as a result simply of the duration of the experiment 
and what influence preceding electric stimulation itself had on the 
excitability as here tested. This being determined it was possible to 
examine the modifying effect of drugs on the “period of diminished ex- 
citability,” as a whole, and on its constituent elements corresponding to 
“ Period of Latency.” and more or less of the “ Period of Active Change.” 

The first experiments on this point shewed that very considerable 
variation in the “period of diminished excitability” occurred during the - 
experiment, even though this were not much protracted, as a rule not 
beyond the hour. (It must be remembered that we are throughout 
dealing with a heart ligatured low.) Thus, to take an example, the 
metronome would need to be placed say at 1, ie., at the slowest rate, in 
order to give the second stimulus effective, at any quicker rate the 
second stimulus falling within the “refractory period” and being 
ineffectual; before the end of the experiment it was on several 
occasions possible to get the second stimulus effective with the metro- 
nome at 15. Indeed even with metronome 1 imeffectual at the start 
this extent of range was obtained on more than one occasion. 

As to the cause of this variation in excitability it soon appeared 
that whilst, as a rule, an interval of rest would shew diminution in 
excitability, given such change, stimulation would invariably increase 
the excitability. Thus testing the excitability, then throwing in a 
number of stimuli in quick succession, and again testing the excitability, 
this latter was found to have increased; by a repetition of this process 
it was possible to advance the indicator, division by division, down the 
scale. This result came out very definitely, clearly establishing as a 
fact that stimulation increases the excitability of the ventricle, i.e. lessens 
the period of diminished excitability. The same result became apparent 
in yet other ways, e.g., it has been stated that the ligature was placed 
low, a portion of the ventricle being almost invariably included within 
the ligature, still it was not always possible to inhibit the heart, and 
in some cases groups of beats and intervals of rest would alternate, i.e. 
phasic action occurred; in these cases the same effect as to excitability 
was observed to result from these spontaneous beats as occurred with 
artificial stimulation, viz., the heart after any such — was found to 
be more excitable than before it. 
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Again, the heart would sometimes beat at a sufficiently slow rate 
to allow of successive stimulation in the intervals, it was then seen 
that the nearer to the last spontaneous beat one was able to place 
two successive stimuli, the more excitable did the heart appear, e.g., 
the metronome at a given figure would just fail to allow of the second 
stimulus being effective when no care was taken as to the position of 
the stimuli; when however care was taken to place these as soon as 
possible after a spontaneous beat, then, without altering the metronome. 
figure, the second stimulus became effective. This result came out 
very constantly. 

Obviously we are dealing here with one and the same phenomenon— 
if electric stimuli increase the excitability of the cardiac muscle, it is — 
more than likely that natural stimuli will have the same effect, whilst 
the last point as to proximity to a preceding contraction normally or 
artificially excited is but a means of demonstrating the phenomenon 
in question. 

Examined further, this phenomenon of lessening of the “ period of 
diminished excitability” was found to be coincident with a lessening of 
both the “ period of latency” and of the “whole duration of the beat” 
—this result came out unequivocally. The key to the lessening of the 
“period of diminished excitability ” is at once obtained, for this period is 
relative to the changes latent and visible attending a contraction; if 
caet. par. both of these changes be shortened in duration the “ period of 
diminished excitability” constituted from both of these must itself be 
shortened. | 

Thus then we have as the effect of stimulation, lessening of the 
“period of diminished excitability” as a whole, whilst this effect 

analyzed into its constituent elements corresponds to a lessening of 

1. The Latent Period. 
2. The period of active contraction. 

It may be asked, does the second element just snantionedies viz., 
shortening of the whole period of visible active change, necessarily involve 
shortening of the period of diminished excitability; for this whole period 
includes systole and diastole, and shortening of either of these would 
shorten the whole, whilst the state of diminished excitability stands in 
relation to the systolic element nearly exclusively. This is true, but the 
shortening of the duration of the contraction curve resulting from 
stimulation did not appear to be at the expense of one element more 
than the other; hence shortening of the whole period would involve 
shortening of the refractory period. 
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The modifying effect of drugs may now be examined. Chloride of 
Potassiwm will be first considered. The method of examination was as 
follows :—the metronome was adjusted to the quickest rate giving the 
second stimulus uniformly effective, this being found by trial, then an 
interval of three, four, or five minutes was allowed to pass and the 
excitability was again tested, the metronome being stationary at the 
above found figure. Supposing the second stimulus still to be effective 
this process was repeated, a second, and a third time. Then the drug 
was added and at the end of a fourth interval of equal duration with 
the others the excitability was again tested. Thence on through the 
experiment this method of procedure was maintained. The necessity 
_ for this mode of proceeding was that it is impossible to avoid intervals 
of rest coming in here and there, thus the addition of the drug takes a 
certain time and then it has to reach the heart, this last with a slow 
circulation may take from one and a half to two or two and a half 
minutes, intervals sufficient in some hearts to produce considerable 
effect, for in some cases the excitability falls quickly on ceasing to 
stimulate. The above method of examination, in which a definite 
time interval is fixed on and maintained, obviates the source of error 
which time introduces, for the kind of change and rate of change due 
to rest is thus determinable, what remains over and above must be the 
“ Drug effect.” 

Examined thus it was found that Chloride of Potassium increased 
the “ period of diminished excitability” ; this result came out uniformly. 
A moderate dose, it is true, did not always increase this “period” at 
once, e.g., 0°2 c.c. of a 10 per cent. solution of the salt, and in one or two 
instances this dose did not produce the effect at all, An increased dose, 
e.g., 0'4.c.c. of the same solution, given at once, always brought the effect 
out speedily and strongly. 

Examined further, it was found that the “period of Latency” was 
always increased as an effect of the potassium salt, and further that, as a 
rule, the duration of the period of visible change, ie., the breadth of 
the contraction curve, was shortened. 

It is obvious that these two results are vatiainiaie: so far as the 
“whole period of diminished excitability” is concerned, for, whilst the 
increased period of latency will, caet. par., pitch the second stimulus 
early on the contraction curve, the diminished duration of the contraction 
itself will have an opposite effect. In the slighter degrees of toxic action, 
it may be one would need to consider both of these elements in the 
result obtained, but when a well-marked toxic effect has been produced 
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one has no need to balance the above two in order to determine 
whether or no the diminution in excitability is apparent or real; that 
it is real, and that we have to deal with a diminished excitability of the 
cardiac tissue which can not be explained by the position of the second 
stimulus on the contraction curve is certain, for we may increase the 
interval between the stimuli to the extent even of throwing the second 
stimulus after completion of diastole and yet this stimulus remains — 
ineffective. See Figs. A, B, C, D, E, F, Trace II. 

Potassium chloride then increases the “ period of diminished excita- 
bility” as a whole, and it does so by increasing both constituents of | 
this period, viz., 

1. The Period of Latency. 

2. The Refractory period attending the contraction. 

‘This latter element, from occupying a certain portion of the con- 
traction curve as it does in the normal, comes to occupy more and more 
of the curve till finally it may stretch out beyond the beat to a greater 
or less extent. Together with these changes there goes as a rule 
diminution in the duration of the beat, though in some cases this effect 
is apparent rather than real and due to the apex of the beat having 
become more peaked, the base however remaining of the same breadth. 
With these changes there is of course a gradual fall in the height of 
the curve. 

Another point which comes out constantly with potassium aibecide:t is 
that, supposing one starts with a metronome rate giving complete 
fusion of the two beats, the first effect of the salt will be to lessen this 
fusion, a dip appearing between the two crests, then the valley deepens, 
till finally you may get two quite discrete beats; the next effect is that 
the second beat disappears ; all the while the metronome rate has been 
fixed. . 

The above effects may be readily summed up in the statement that 
potassium chloride lessens excitability from the very commencement. 
For, to enumerate: a given strength of stimulus takes longer to 
manifest itself, “increased period of latency”; when it does mani- 
fest itself, the manifestation is a diminished one, “lessened height and 
duration of the beat”; the refractory state, normally but slightly in- 
volving the period of dentole: now, under the potassium salt, comes to 
implicate the whole period of the beat or even to extend beyond this; 
all these are surely but expressions of the above general statement that 
Potassium lessens excitability. To these may be added the effect noted 
in former experiments that, as the toxic effect deepens, e.g. in the stage 
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after inhibition, the strength of the stimulus, to be effective, must be 
increased. There yet remains a somewhat remarkable phenomenon 
which must not be omitted, and which apparently is witnessed at all 
stages of the potassium effect, it is that, whether the diminution in 


excitability effected by the drug be small or great, the effect of stimula- 


tion appears to deepen the effect, not to antagonize it, the latent period 
increasing, the height and duration of the beats growing smaller, the 
period of diminished excitability lengthening out; thus, a complete 
reversal of the effect noted in the case of the undrugged heart. Have 
we not herein some clue to the reading of the phenomenon mentioned 
at the outset? It is noted, viz. that continuous faradization not only 
lost its power to produce fusion as the dose of potash was increased, 
but that in the final stages a reverse effect was observed, viz., the 
actual suppression of spontaneous beats during the time of faradization. 
Though perhaps no explanation of the latter, the above facts appear at 
any rate to be of the same order; both indicating that stimulation 
would seem to develop or intensify the potash effect, the tissue actually 
becoming less excitable. 

The following experiments were made with a view of determining 
this point:—Into the secondary circuit of the arrangement which has 
been described as here employed the two terminals from the secondary 
coil of another du Bois Reymond induction apparatus, set for faradiza- 
tion, were brought. It was possible now to faradize the heart for a short 
interval between the two successive break shocks of the original appa- 
ratus. For explanation we may refer to any of the diagrams ; the process 
consisted simply in faradizing the heart for a shorter or longer period 
between the stimuli a,, a, of each couple. It was not possible to begin 
the faradization directly after a, or to continue it directly up to a, for 


fear of touching these boundary limits and so short circuiting the heart, 


so that the middle period between a, and a, was the period of faradiza- 
tion. Having then found an effective couple by the ordinary method a 
series of such couples was taken, but for every alternate couple the heart 
was faradized between the stimuli. These faradic shocks of course fell 
during the refractory period and the question to be determined was 
whether the already existing state of lessened excitability would be 
intensified by such faradization or uninfluenced; if the former then 
each faradized couple should shew either a diminution in the fusion of 
the two beats or a suppression of the second beat. The results obtained 
were negative, the faradization appeared to be without effect. 

This point was however still further tested—the same apparatus was 
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_ kept—the drug was added and pushed till a marked effect had been 
produced, till in fact powerful faradic stimulation continuously applied 
gave but a single initial contraction instead of a rapid succession of beats 
blending by their proximity such as obtains for the undrugged heart. 
On this stage of lowered excitability it was possible to advance yet a 
step further, for by repeatedly faradizing, allowing only very short 
intervals for rest, it was possible even to abolish this initial beat, i.e. the 
rapid succession of shocks were without effect ; when this stage had been 
reached and immediately after such an ineffectual series, a single break 
shock was thrown into the ventricle and this invariably gave a contrac- 
tion. As to the relative strength of the shocks, two separate induction 
apparatus being employed, the coils were tested for us for given 
positions, and the secondary coil used for obtaining break shocks only 
was then moved so as to give decidedly weaker shocks than the 
coil of the apparatus used for faradizing (we refer here only to the 
opening shocks of the faradic series). The results then are these—a 
series of shocks give no effect, a single weaker shock gives an effect ; it 
must then be that shocks falling during a certain part or during all of 
the period of latency tend to inhibit or interfere with the initial shock 
of the series. ‘This of course applies only to the frog’s — under 
the influence of a potassium salt. 

We may now pass on to consider the other bases. 

Ammonium chloride similarly tested gave very different results; here 
it was necessary to distinguish two stages, a primary and a secondary. 
The primary stage occurred early in the action of the drug, indeed it set 
in almost as soon as the drug had reached the heart, its duration how- 
ever was but short. 

During this primary and passing stage the effect on the period of 
diminished excitability was a variable one; in some cases it was 
lessened, in others slightly increased. On the period of latency the 
effect was probably always one of diminution ;.in some of the cases in 
which before the addition of the drug, the period of latency was but 
short, no noticeable diminution could be made out, certainly there was 
no lengthening. In others in which a very well-marked latent period 
existed, slight but undoubted shortening obtained; it is more than 
probable that more delicate means would have detected the same in the 
previous cases just mentioned. In addition this primary stage was 
marked by increase in the height of the contraction and increased 
duration of the beat with broadening of the apex of the beat; the effect 
on duration was the one — marked. See Figs. A’, B’, Trace II. 

PH. IV. 26 
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This primary stage, then, with its diminished period of latency and 
its increased height and breadth of trace, contrasts very markedly with 
the potassium effect, which on all these points shews the exact reverse. 

The effect on the period of diminished excitability has been stated to 
have been inconstant, the variation either way was however in no case 
considerable ; and since the shortening of the period of latency would 
have a tendency the opposite of that due to the increased duration of 
the beat, it seemed not improbable that the predominance of the one 
effect over the other might account for the variation observed. 

So far the primary stage has alone been considered, this however was _ 
transitory, gradually the secondary stage developed which, shortly de- 
scribed, presented exactly the potassium effect, the period of diminished 
excitability as a whole being greatly lengthened out, the latent period 
being also much increased and the duration of the beat diminished. 
Here too, as for potassium, the phase of diminished excitability from 
occupying but a limited portion of the contraction curve, as in the 
normal, came finally to involve the whole of the curve, both systole and 
diastole, See Figs. C, D, E, F, Trace III. 

Sodium Chloride. The dosage with this salt had to be increased 
according to the approximate toxic ratio already determined in previous 
experiments, the doses employed were, viz., ten times as large as for the 
two preceding salts. As to the effects they are not quite so un- 
equivocal as for the potassium and ammonium salts, 

The difficulties with respect to the period of diminished excita- 
bility were these :—if, subsequently to the addition of the drug, one 
threw in a series of double stimuli, such as before the dosage had given 
both stimuli effective, the trace obtained might appear as if the result 
of a single contraction only; if however an occasional single stimulus 
were thrown in, comparison of the resulting contraction with that ob- 
tained by double stimulation would shew the latter to be both higher 
and of longer duration. Had one here to do with a case of blending 
or not? If of blending the fusion was complete, there being not the 
slightest break in the curve to indicate its composite nature, see Fig. 
B, Trace IV. However that this apparently simple trace is really com- 
pound is more than probable, for we get transitional forms from such 
to a trace which is quite obviously double, see Fig. B’ and Fig. C. 

The question of fusion or not is at best of no great importance for 
it does not touch the point at issue, viz., the effectiveness of the second 
stimulus, for whether this second stimulus shew itself by causing an 
obvious second contraction or simply cause the line of systole to rise 
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higher and prolong the period of active contraction, in either case the 
second beat ts effective. Moreover it is effective after a shorter interval 
of time as Fig. C, Trace IV. shews. 

The latent period is distinctly increased by the sodium salt, making 
all allowance for the more gradual rise in the line of systole which renders 
it somewhat difficult to determine exactly when the systole does com- 
mence (see Trace IV.). | 

The effect on the duration of the beat was not very decided; as 
a rule there was shortening till in the later stages, when the beats 
became lengthened out, sometimes considerably. 

We have seen in the case of the potassium salt and also in the 
second stage with the ammonium salt that the refractory state gradually 
encroaches on the line of diastole till finally the whole curve may be 
involved; if now we compare Fig. A with Fig. C, Trace IV., we shall 
note in this latter how early the second stimulus falls as compared with 
the former, in fact the reverse condition obtains here; under the influence 
of the sodium salt the refractory state has come to occupy less and less 
of the period of active contraction. Yet another point of contrast may 
be instanced; under the potassium salt we have seen that repeated 
stimulation, instead of increasing the excitability as it does for the un- 
drugged heart, always lowers it; under the sodium salt the influence 
of stimulation is to increase the excitability. Thus, after a large dose 
of the sodium salt the first contraction may be very small and the 
latent period very long; as stimulation is repeated the beats grow in 
height and the latent period shortens, 

The results obtained may be briefly summed up as follows : 

In the case of the undrugged ventricle, stimulation shortens the 
period of diminished excitability; analyzed, this effect shews shortening 
of the period of latency and likewise of the duration of the period 
of active contraction. 

Passing to the drugged heart we find, that Potassium chloride 
increases markedly the period of diminished excitability ; that the period 
of latency is-also considerably increased ; that the duration of the beat is 
as a rule diminished; but that in spite of this the refractory state encroaches 
more and more on the period of diastole till finally the whole of the 
contraction curve may be involved and indeed beyond this to greater 
or less extent; that stimulation appears to intensify the potassium 
effect, diminishing the excitability still further, the reverse effect to 
that obtaining with the undrugged heart. 

That Ammonium chloride shews two stages, a primary stage corre- 
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sponding to increased height and breadth of beat, here the period of 
latency is diminished, but the period of diminished excitability variously 
affected, in some cases slightly lessened, in some slightly increased; a 
secondary stage in which effects similar to those of potassium obtain, viz. 
increase of the period of latency and of the period of diminished 
excitability with diminished duration of the beat. 

That Sodium chloride, when the drug effect. is pronounced, shews 
marked diminution of the period of diminished excitability, and this in 
spite of prolongation of the latent period ; that the duration of the beat 
is variously affected, except in the final stages when it is lengthened out ; 
that the refractory state hence comes to occupy less of the period of 
active contraction; finally that repeated stimulation increases the 
excitability as it does for the undrugged heart. 

These results have been given at length, not because they represent 
the individual effects of the three drugs, potassium, sodium and 
ammonium chloride, but because they represent probably the effect of 
potassium, sodium and ammonium salts generally. (For the reasons for 
this statement see the results of previous experiments recorded in the 
Medico-Chir. Trans. loc. cit. and in the Practitioner, Aug. 1882.) As 
class effects they would naturally possess the greater value. We know 
from the teachings of physiology that during the excitatory process 
which results from stimulation of a contractile tissue, this tissue for the 
greater part of the duration of this process is relatively insusceptible of 
responding to further stimulation’. The interest of the present paper 
centres around the modification of this refractory state which certain 
drugs are capable of effecting, which modification is both marked and 
definite for the particular drug taken. The striking contrast which 
obtains between the potassium and the sodium salt with respect to this 
modification and indeed with respect to nearly every point mentioned in 
relation to this subject, is of the greatest interest, not only because, from 
a chemical point of view, such contrast would be quite unlooked for in 
two elements apparently so nearly akin, but also because we are here 
dealing with fundamental properties of tissues and also because both 
these elements are important constituents of the animal organism. It 
can scarcely be doubted but that such marked differences as here 
appear between the sodium and the potassium salts must indicate their 
subservience in the organism of functions proportionally distinct in their 


1 With reference specially to the: Frog’s heart consult the previously mentioned paper 
by Dr Sanderson and Mr Page, Journ. of Phys. Vol. m. Nos.5and6. 
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nature. The strength of this conclusion is scarcely weakened by the 
fact that we have throughout been dealing with toxic doses. 

In conclusion it may be stated that the results obtained with the 
potassium salt are compatible with Marey’s explanation of the mode of 


action of a succession of stimuli in producing continuous spasm of the | 
ventricle, 


EXPLANATION OF PLATE XXI. 


Trace I, Figs. A, B, C illustrate simply the effect of double stimulation. 
In A, the two stimuli, thrown in at the points a, a,, cause but a single con- 
traction—the second stimulus a, falls therefore too early, ie., during the 
refractory period. 

In B, the two stimuli have each had effect, the two beats are however 
quite discrete. 

In C, two tracings are given, IT. shews the effect of double stimulation 
with both stimuli effective ; fusion is here all but complete. I. is the result 
of a single stimulus, it is for the sake of comparison. 


Trace II. shews the modifying effect of the potassium salt. 
_ In A both stimuli are seen to be effective ; note the period of latency and 

the position of the second stimulus, a,, on the contraction curve. 

In B the like is seen; this trace was taken after the heart had beon 

allowed a rest of five minutes, 
_ During the five minutes rest following trace B, the potassium salt was 
added, 0°4 c.c. of 10 per cent, potassium chloride solution. C, D, #, F shew 
the tracings now taken. 
_ Therefore A and B are before the addition of potassium salt. 
C, D, and £ after 

The metronome stood at 22 in A, B, wae, to in 
Eto1. Note the enormous lengthening out of the latent period ; the great 
variation in the refractory period, from metronome 22 to 1, the position of the 
second stimulus in #, where alone it becomes effective ; note also that the 
second stimulus when it does become effective does not yield fusion. 


- Trace III. shews the ammonium effect in its early stage. 
A is before the addition of the drug. 


B subsequent to the addition of 0°3 cc. of a 10 per cent. solution of 
ammonium chloride, 


A single spontaneous beat is in each case given for comparison with the 
effects of double stimulation. 3 
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Note in B the greatly increased duration of the beat, and the greater 
completeness of the fusion ; the effect on the latent period is not marked, but 
if in any direction it is in that of diminution. : 

Note that the increased duration of the beat, resulting from the ammonium 
chloride, tends to ae ‘the second stimulus, a,, earlier on the contraction 
curve. 

The later stage of ammonium chloride action is not shewn, it is oe 
to that of the potassium salt but less pronounced. 

In both A and B the metronome stood at the same figure, viz., 20. 

Figs. A’, B’ illustrate again the primary stage of ammonium effect (metro- 
nome at 25 in either case), B’ being subsequent to the addition of the drug 
03 ¢.c. of NH,Cl 10 per cent., the shortening of the period of latency is here 
well marked. 

Figs. C, D, EZ, F shew both stages; D shews the primary stage after 
0:3 c.c. of NH,Cl 10 per cent. ; H and F the secondary stage, compare potas- 
sium ; the metronome in @ and D stood at 15, in £ it stood at 10, in F at 5. 
The micedacy stage will be seen to be exactly like that for claspicsaas 
chloride. 


Trace IV, shews the effect. 

In A, I. and IL, we have the effect before addition of ere: between 
I. and II. the heart had an interval of three minutes rest. 

B, B', and C are subsequent to the addition of chloride of sodium; between 
A, II., and B, in the interval of three minutes allowed, 3 c.c. of a 20 per 
cent, solution of sodium chloride were added. Note the effect on the period 
of latency. In B two of the curves are the result of double stimulation, two 
of single stimulation, but for this comparison, the double stimulation here 
would appear to yield but a single contraction, whilst in all probability there 
is fusion here, i.e., both stimuli are effective (compare C’), 

In A, B, and B’ the metronome stood at the same figure, viz., 15. 3B’ was 
taken after 2 c.c. more had been added, in all 5..c. of the 20 per cent. 
solution, the trace from double stimulation here shewn is distinctly compound. 

In C we have the effect some 15—20 minutes later, in all 5 c.c. of the 
20 per cent. NaCl solution had been added. The metronome stood at 27. 

Note therefore that the refractory period has grown less, for the curve from 
double stimulation is obviously double. Double and single stimuli alternate 
here for comparison. 

Note how early the second stimulus a, falls on the curve and compare with 
the potassium trace, in which the second stimulus falls low down on the 
diastole curve before it is effective. 
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Trace II. Potassium effect. 
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Trace Ammonium effect. 
A. | B | 
©, D. 
a, - q a 


Trace IV. Sodium effect. 
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ON THE ACTION OF DIGITALIS. By —— 
BLAKE, MD., F.R.CS. 


In the last number of this Journal is a communication on this subject 
by Messrs Donaldson and Stevens, in which the conclusion arrived at 
is that the increased pressure in the arteries caused by the introduction 
of this substance into the blood is owing to its action on the capillaries 
and not from any increased power conferred by it on the heart. The 
same conclusion was published by me more than forty-five years ago in 
a paper read before the Students’ Medical Society at University College, 
London, and subsequently published in the Edinburgh Medical and 
Surgical Journal, No. 139". The title of the paper is, “ Observations 
“on the physiological effects of various agents introduced into the cir- 

“culation as indicated by the haemadymanometer.” The substances 
experimented with were divided into three groups, one of which 
contained “those substances which though acting on the nervous system 
“yet agree in exerting a powerful influence in modifying the capillary 
“circulation.” This group contained Tobacco, Euphorbium, and Digitalis. 
After shewing the action of digitalis when introduced into the veins the 
following experiment was related. A tube was inserted into the carotid 
artery of a dog, the manometer being connected with the femoral artery. 
One ounce of an infusion of digitalis (from 3iij of the leaves) was 
injected into the artery, thus bringing the poison into contact with the 
capillaries before it reached the heart*. “The immediate effect of the 
“injection appeared to be the production of great pain in the animal. 
“Ten seconds after the injection had been introduced the pressure in the 
“arterial system became suddenly increased, the column of mercury 
“rising from five inches, at which it before stood, up to twelve and 


1 This paper is cited by Messrs Donaldson and Stevens, although they are 
evidently ignorant of its contents. 

2 In their review of the literature of the subject Messrs Donaldson and Stevens 
state, “‘ Up to this time (1872) the method of experiment was such that a definite result — 
‘‘could never be expected, for both heart and arterioles were examined together and 
**it was impossible to say how much was due to variation in either of them.” 
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“fourteen inches, considerable oscillations taking place. It was not 
“until forty-five seconds after the introduction of the poison that the 
“heart appeared at all affected. The pulsations were then rendered 
“very slow, ten or twelve seconds elapsing between each pulsation; the 
“ pressure in the arteries was soon diminished, the mercury standing at 
“about three inches.” In my remarks on these substances, Tobacco, 
Euphorbium, and Digitalis. I state, “The only remark I have to offer 
“on this class of substances is the impossibility of accounting for the 
“ great increase of pressure in the arteries caused by their introduction 
“into the blood without allowing them to possess that property which © 
“has been selected as the ground of the classification, viz. that of 

“ modifying the capillary circulation. This increase of pressure evidently 
“cannot depend on any change effected in the action of the heart, as we 


_ “find it taking place before that organ is affected’, In endeavouring to 


“localize the action of these substances two propositions present them- 
“selves, viz., Is their action on the capillary circulation the result of 
“their direct application to the inner surface of these vessels, or does it 
“follow from some peculiar action they exert on the nervous system ? 
“ From a review of the above experiments I am inclined to believe that 
“these substances act directly on the capillaries themselves,” 

I republish the above experiment and the remarks it suggested as I 
consider it affords the most complete proof that has yet been brought 
forward of the direct action of digitalis on the capillaries or the arterioles 
more properly*. It is indeed surprising that so many years after the 
publication of my experiments additional evidence should be required 
to prove that the increased arterial pressure caused by digitalis is owing 
to a direct action on the blood-vessels. 


San Francisco, Car. 
Nov, 11, 1888. 


1 In presence of this express opinion to the contrary Messrs Donaldson and 
Stevens state, ‘‘ With the exception of Winogradoff observers from the time of 
‘‘Blake, 1839, till Legroux, 1867, admitted the rise of blood pressure at a certain stage 
‘‘of the action of digitaline, and attributed this rise to an increase in the work done 
‘‘by the heart.” 


2 At the time these experiments were made the importance of the arterioles as 


“ distinguished from the capillaries in modifying the circulation had not been discovered.” 
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ON THE COAGULATION OF THE BLOOD. By L. ©. 
WOOLDRIDGE, D.Sc, MB, George Henry Lewes Student 


THE following communication is a continuation of the results already 
published by myself as to the influence of lecithin in producing coagula- 
tion of the blood’. 

- The plasma used in those experiments was peptone plasma. In the 
present case I have made use of blood which has been prevented from 
coagulating by being, immediately after leaving the body, cooled down 
to a temperature of about 0°. . 

For experiments on cooled plasma it is best to use the blood of the 
horse. I was however unable to obtain any horse’s blood and therefore _ 
employed dog’s blood. In horse’s blood the corpuscles sink rapidly 
and the coagulation is very tardy, it is hence easy to obtain plasma. 
This is not the case with the dog, and I was therefore led to adopt a 
particular method of experimenting. 

The coagulation of the blood is brought about ws a certain interaction 
of the white corpuscles and the plasma. By rapid cooling this interaction 
is to a great extent suppressed and hence the blood does not coagulate. 
But if one of the substances of which the white cells are made up be 
diffused through the cooled blood, coagulation does occur, This substance 
is lecithin. | 3 | 

The method of experimenting is as follows, The blood is taken from 
a large artery and flows into a thin cylindrical metal vessel of about 
j-inch diameter. This tube stands in a large vessel filled with broken ice 
and a small quantity of water to fill up the interspaces. 

For each experiment two such tubes are used. Each holds 40 c.c. 
In the one is contained 15 c.c. of ‘6 per cent. NaCl solution, in the other 
a similar quantity of normal salt solution through which finely emulsified 
lecithin is diffused. 

The blood flows directly from the artery into the metal vessels, one 


1 “Further Chewvations on the Coagulation of Blood.” Journal of Physiology, 
Vol. rv. Nos. 2&3. “ Zur Gerinnung des Blutes.” Archiv fiir Anat. u. Physiol. 1883. 
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“fourteen inches, considerable oscillations taking place. It was not 
“until forty-five seconds after the introduction of the poison that the 
“heart appeared at all affected. The pulsations were then rendered — 
“very slow, ten or twelve seconds elapsing between each pulsation; the 
“ pressure in the arteries was soon diminished, the mercury standing at 
“about three inches.” In my remarks on these substances, Tobacco, 
Euphorbium, and Digitalis. I state, “The only remark I have to offer 
“on this class of substances is the impossibility of accounting for the — 
“ great increase of pressure in the arteries caused by their introduction 
“into the blood without allowing them to possess that property which © 
“has been selected as the ground of the classification, viz., that of 
“ modifying the capillary circulation. This increase of pressure evidently 
“cannot depend on any change effected in the action of the heart, as we 
“ find it taking place before that organ is affected’, In endeavouring to 
“localize the action of these substances two propositions present them- 
“selves, viz., Is their action on the capillary circulation the result of 
“their direct application to the inner surface of these vessels, or does it 
“follow from some peculiar action they exert on the nervous system ? 
“From a review of the above experiments I am inclined to believe that 
“these substances act directly on the capillaries themselves,” 

I republish the above experiment and the remarks it suggested as I 


consider it affords the most complete proof that has yet been brought 


forward of the direct action of digitalis on the capillaries or the arterioles 
more properly*, It is indeed surprising that so many years after the 
publication of my experiments additional evidence should be required 
to prove that the increased arterial pressure caused by digitalis is owing 
to a direct action on the blood-vessels, : 


San Francisco, Can. 
Nov, 11, 1883. 


1 In presence of this express opinion to the contrary Messrs Donaldson and 
Stevens state, ‘‘ With the exception of Winogradoff observers from the time of 
‘Blake, 1839, till Legroux, 1867, admitted the rise of blood pressure at a certain stage 
‘‘of the action of digitaline, and attributed this rise to an increase in the work done 
‘*by the heart,” 


2 + At the time these experiments were made the importance of the arterioles as 


« distinguished from the capillaries in modifying the circulation had not been discovered.” 
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ON THE COAGULATION OF THE BLOOD. By L. ©. 
WOOLDRIDGE, D,Sc., M.B., George Henry Lewes Student. 


TE following communication is a continuation of the results already 
published by myself as to the influence of lecithin. in producing coagula- 
tion of the blood’. 

_ The plasma used in those experiments was peptone plasma. In the 
present case I have made use of blood which has been prevented from 
coagulating by being, immediately after leaving the boay, cooled down 
to a temperature of about 0°. . 

For experiments on cooled plasma it is best to use the blood of the 
horse. I was however unable to obtain any horse’s blood and therefore 
employed dog’s blood. In horse’s blood the corpuscles sink rapidly 
and the coagulation is very tardy, it is hence easy to obtain plasma. 
This is not the case with the dog, and I was therefore led to adopt a 
particular method of experimenting. 

The coagulation of the blood is brought about by a certain interaction 
of the white corpuscles and the plasma. By rapid cooling this interaction 
is to a great extent suppressed and hence the blood does not coagulate. 
But if one of the substances of which the white cells are made up be 
diffused through the cooled blood, coagulation does occur. This substance 

The method of experimenting is as follows. The blood is taken from 
a large artery and flows into a thin cylindrical metal vessel of about 
j-inch diameter. This tube stands in a large vessel filled with broken ice 
and a small quantity of water to fill up the interspaces. 

For each experiment two such tubes are used. Each holds 40 c.c. 
In the one is contained 15 c.c. of “6 per cent. NaCl solution, in the other 
a similar quantity of normal salt solution through which finely emulsified — 
lecithin is diffused. 

The blood flows directly from the artery into the metal vessels, one 


Purther on the of Blood.” Journal of Physiology, 
Vol. rv. Nog. 2 & 3. “ Zur Gerinnung des Blutes.” Archiv fiir Anat. u. Physiol. 1883. 
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vessel being filled immediately after the other. Absolutely no interrup- 
tion to the flow must occur. The first small quantity of blood is not 
used, 


The following examples will shew clearly the nature of the results. 


I. Large Dog. Blood from Femoral. 

Tube 1 contains lecithin. 

Tube 2 contains simple salt solution. 

By means of glass rod mixing is carried out in each tube, a separate rod 
being used for each tube. 

Tubes filled at 4.15 p.m. 

At 4h, 45m., as is ascertained by feeling with glass rod in tube 1 
(lecithin), the blood is firmly coagulated. 

At this time the blood in tube 2 is perfectly fluid. The temperature in 
the two tubes is the same, 2° at upper, 3° at lower part of tube. 

On removing tube 1 from ice and inverting, a solid clot, forming a 
complete cast of the tube, slips out. 

At 5h. 30m., blood in tube 2, on trying with glass rod is evidently 
completely fluid; on taking it out of ice and inverting the blood flows out; 


it ia petfectly free from coagula there are no traces of eongela on the walls 
of the tube. 


II. Similar arrangements asin I. Large Dog. Blood from Carotid. 
Tube 1, lecithin, 


Tube 2, simple salt solution. 
Tubes filled at 4h. 3m. p.m. 
At 4h. 10m. tube 1 completely coagulated. 
pe tube 2 completely fluid. 
Temperature in the two tubes equal, 2°5° in middle of tube. 
At 4h. 45m. tube 2 still quite fluid, 


At 5h. imperfectly coagulated. 


III. Arrangement the same. The lecithin is badly emulsified and in 

flocculent pieces which tend to rise to the surface of the NaCl solution. 

Time of filling the two tubes 4.50 p.a. 

At 5.30 p.m., tube 1 (lecithin), several loose coagula can be fished out. 
Tube 2 apparently quite free. Temp. tube 1, 2°5° bottom, 1°5° top. 

», tube 2, 4° bottom, 24° top. 

On emptying tube 1 it is found to contain loose clots and fluid blood, it 
is coagulated firmly at the top so that it can be inverted. The walls of the 
tube covered with clot. 

At 6pm. tube 2 emptied. The contained blood is perfectly fluid. No 
trace of coagulation on the walls of the tube. 
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I have made many such experiments and always with the like result. 
That is to say, the addition of lecithin causes coagulation. 

The lecithin used is prepared from lymph-glands in the manner I 
have described in the above-quoted papers. It has a slightly acid 
reaction and is not perfectly pure. It is rubbed up with a drop or two 
of dilute Na,Co, solution to a paste and this is diffused through the salt 
solution. The salt solution after the addition of the lecithin is either 
neutral or very faintly alkaline. It should be an emulsion as opaque as 
milk if the coagulation is to occur quickly. 

In my experiments on peptone plasma I have shewn that the small 
quantities of impurities contained in the lecithin preparations are of no 
effect in producing coagulation and also that lecithin from other sources 
is active, and hence I have felt justified in speaking of the alcohol-ether 
extract of the glands as lecithin, though it is not perfectly pure. From 
its mode of preparation it is evident that this extract cannot contain any 
paraglobulin. 

In discussing the results I have obtained on peptone plasma with 
friends whose opinions are of worth, there has always been a tendency to 
suppose that the results obtained are due to presence of fibrin ferment 
in the lecithin preparations. In fact this is, so far as I can see, the only 
objection one can raise, It is however certainly not a valid objection. 
The lecithin is not influenced in its activity by being boiled with water. 
I have tried this several times both with peptone and cooled blood, and 
as a matter of fact it has no fermentative activity. 

There are many coagulable fluids which do not coagulate in the 
slightest on the addition of lecithin but do so readily with fibrin fer- 
ment, although the lecithin in question acts perfectly with plasma. 
Such fluids are human pericardial fluid, hydrocele fluid so far as I 
have examined, and solution of fibrinogen prepared according to the 
salt method from peptone plasma. 

The experiments described were carried out in the Pathological 
Institute in Berlin. I am much indebted to Prof. Salkowski for the 
use of his Laboratory. 


Dec. 6, 1883. 


a 
A 
¥ 
& 
x 
ry 
& 
ay 
ind 
ig 
a4 
Ja 
~ 
M 
pte 


AN INVESTIGATION REGARDING THE ACTION OF 
RUBIDIUM AND CZSIUM SALTS COMPARED WITH 
THE ACTION OF POTASSIUM SALTS ON THE VEN- | 
TRICLE OF THE FROG’S HEART. By SYDNEY 
RINGER, M.D., Professor of Medicine at University —— 
London. Plate XXII. 


It is generally held that chemical similarity indicates similarity in 
physiological and therapeutic action, but whilst this inference is to some 
extent true, yet some substances closely allied chemically differ from each 
other widely in physiological and therapeutic effect. For instance, the 
physiological action of potash salts differs greatly from the action of 
sodium salts; and it is well known that, therapeutically, chlorides cannot 
replace iodides nor either of these take the place of bromides. To 
further test the correspondence between chemical and physiological 
action I made some experiments with chloride of calcium, chloride of 
strontium and chloride of barium*, I have shown’ that a lime salt in the 
- circulation is necessary to maintain the heart’s contractility, but that 
when lime only is added to the circulating saline solution (sodium 
chloride “75 p.c.), the diastolic dilatation is greatly prolonged. The 
addition of a physiological quantity of a potassium salt will obviate this 
effect, and if to saline solution we add a suitable quantity of a lime and 
a potash salt and render the solution slightly alkaline with bicarbonate 
of soda we get a circulating fluid fit to maintain rhythmic contractions 
in the detached ventricle for many hours, Now I find that in all these 
respects strontium acts very similarly to lime, that it can indeed to a 
large extent replace lime. On the other hand barium differs almost 
entirely from either calcium or strontium in its physiological action. 
Now these three elements form a group of which strontium is chemically 
more allied to lime than is barium. The physiological action therefore 
of these three substances corresponds to a great extent to what we 
should anticipate; except that we should expect barium to possess 


1 Practitioner, Aug. 1883. 
2 Journal of Physiology, Vol. tv. Nos. 1 & 2. 
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more of the characteristic effects of calcium and barium than is actually 
the case. 

The close chemical relationship between potassium, rubidium and 
cesium, led me next to investigate the degree of physiological corre- 
spondence between rubidium and cesium on the one hand and potassium 
on the other. | 

I employed the chloride of each of these elements, using a solution 
prepared and calculated on their molecular weights. The potassium 
chloride solution was "745 per cent., the rubidium chloride 1:205 per 
cent. and the cesitim chloride 1:68 per cent. 

The experiments were made with the ventricle of the frog’s heart 
attached to a perfusion cannula by a ligature placed as nearly as possible 
in the auriculo-ventricular groove. An artificial circulation was main- 
tained through the ventricle by a syphon action. I employed Roy’s 
tonometer to record as usual on a revolving cylinder the movements of 
the lever produced by the contraction of the ventricle. The experiments 
were made in June and July. 

It is necessary to preface these experiments with rubidium: and 
cesium, with a brief statement of the physiological action of potassium 
on the frog’s heart. 

When the circulating fluid supplied to the detached ventricle consists 
of simple saline solution, the contractility at first grows weak or ceases. 
and then gradually recovers itself more or less completely. Now a 
physiological dose of potassium chloride prevents the occurrence of 
this recovery. | 

When the ventricle is fed with saline solution containing a phe 
gical quantity of a lime salt, diastolic dilatation is much retarded, so 
that if the contractions remain of normal frequency much fusion ensues. 
_ A physiological dose of a potassium salt accelerates this dilatation and 
makes the contraction similar to that which occurs when the circulating 
fluid consists of blood. 

Sodium carbonate and sodium bicarbonate added to saline solution 
broaden the beat, cause much fusion of the beats and induce tonic 
contraction. A physiological dose of potassium chloride obviates all 
these effects. 

When the circulating fluid consists of blood mixture’ potassium salts 

(1) greatly prolong the latent period, | 


mire made by Ging die ood wo | 
blood and diluting this with two parts of saline made with tap water. 
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(2) greatly prolong the period of diminished excitability and conse- 
quently greatly diminish the frequency of the spontaneous contractions 
and greatly diminish the frequency with which contractions can be 
excited by electric stimulation. 

With blood mixture’, faradization induces tetanus by fusion of the 
beats, but when a potassium salt is added to the blood mixture then 
faradization completely arrests the contractions, which recommence on 
discontinuing faradization. 

Potassium salts arrest the ventricle in diastole. 

The following experiments with Rubidium Chloride show that in all 
the foregoing particulars the action of rubidium corresponds to the 
action of potassium. 

Like potassium chloride, rubidium chloride prevents that recovery 
of the ventricle which occurs when it is supplied with simple saline 
solution. With simple saline at first there is considerable weakening 
of the beats and even arrest of the contractility but considerable or 
complete recovery soon sets in. On replacing blood mixture with saline 
solution containing rubidium chloride in the proportion of 1 ¢.c. of 1:205 
per cent. solution of rubidium chloride in 100 c.c. of saline solution the 
ventricular contractility grows less and less till it disappears. On the 
addition however of either calcium chloride or strontium chloride good 
contractions speedily return. 

Like potassium, rubidium obviates the effeat of a calcium salt on 
the ventricular dilatation. As I have formerly shown a lime salt 
added to saline broadens the beat, rounds its top and later greatly retards — 
dilatation. 1 c.c. of 12 per cent. solution of rubidium chloride to the | 
100 c.c. of circulating fluid completely removes these lime effects and — 
restores to the beat the same character it possessed when fed with blood 

Like potassium, rubidium obviates the effect of sodium bicarbonate. 
I replaced blood mixture by 200 c.c. of saline solution containing 5 c.c. 
of 1 per cent. solution of sodium bicarbonate ; the sodium bicarbonate as 
usual broadened the beat and caused much fusion of the beats and 
induced a little tonic contraction. 1 ¢.c. of 1°205 per cent. solution - 
rubidium chloride obviated all these effects. 

I have elsewhere* shown, that a circulating fluid, to sustain the | 
contractility of the heart must be alkaline in reaction and must in 


1 Blood mixture is made by dissolving dried bullocks’ blood so as to imitate fresh 
blood and diluting this with two parts of saline made with tap water. 
2 This Journal, loc, cit. 
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addition to sodium chloride contain both lime and potassium salts. 
The following experiment shows that rubidium chloride will replace 


potassium chloride in this solution and will sustain the heart's con- 


tractility. I replaced blood mixture by 200 c.c. saline solution con- 
taining 2 c.c. of 1 per cent. solution of calcium chloride, 1°5 c.c. of 
1:205 solution of rubidium chloride and 5 c.c. of 1 per cent. solution 
of sodium bicarbonate; fifty-five minutes after the substitution the 
contractions continued in all respects the same as with blood mixture. — 

On another occasion after replacing blood mixture by a similar 
solution, at the expiration of an hour after the substitution, the beats 
continued as good as the beats with blood mixture. 

We find then that rubidium can largely replace potassium and I 
have shown in a previous paper’ that strontium can replace lime. I 
therefore experimented to ascertain whether I could devise a fluid 
capable of sustaining the heart’s contractility containing rubidium and 
strontium in place of potassium and calcium. Among other combina- 
tions I employed the following: 200 c.c. of saline solution containing 
2°5 c.c, of 1°58 per cent. solution of strontium chloride, 1°5 c.c. of 1:2 per 
cent. solution of rubidium chloride and 4 c.c. of 1 per cent. solution of 
sodium bicarbonate. The character of the contractions remained un- 
changed but the beat grew slowly weaker so that in thirty-five minutes 
there occurred a reduction of one third the height of the trace of each 
contraction. Strontium and rubidium therefore, though decidedly inferior 
to calcium and potassium, will sustain the contractility for a considerable 
time. 

Dr Sainsbury kindly tested the effect of rubidium on tetanus 
- induced by continuous faradization. Potassium salts, it will be re- 
membered, not merely prevent tetanus by continuous faradization, 
but so influence the cardiac muscular tissue, that on the application 
of faradization all spontaneous contractions cease and the ventricle 
remains in diastole, but on suspending the application of the faradic 
current spontaneous contractions return. Rubidium in this respect 
is similar to potassium. At the commencement of the experiment, 
when blood mixture was alone used he obtained well-marked fusion 
with the secondary coil at 8. After the addition of 6 ce. of 1:205 
per cent. solution of rubidium chloride to the 100 cc. of circulating 
fluid, the fusion became notably less, there was indeed no fusion at 
all, simply acceleration during the time of faradization; after 10 c.c., 


1 Practitioner, loc. cit. 
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the already existing rhythm remained undisturbed, the faradization 
producing no effect. After 12 c.c. the same obtained; but although 


the faradization with the coil at 8 had lost all power to cause fusion, — 


there was no actual. inhibition of the beats during faradization. On 
putting the secondary coil at 6, the characteristic potash effect at once 
came out, viz. the beats ceased completely during faradization, com- 
mencing starting again almost at once on its cessation; the same 
obtained with the coil at 4. Hence increasing the strength of the 
faradic current, instead of tending towards the production et tetanus, 
gave an opposite effect. 


Again rubidium like potassium increases “the period of diminished 


excitability.” .In these experiments break shocks alone were employed 
and by means of a metronome placed in the primary circuit, which latter 
included the time marker, he was able to increase or diminish the 
interval between successive stimuli and also to record the moment of 
stimulation. The result showed no very decided effect on the latent 
period, but if anything the effect was in the way of prolongation: on 
the period of diminished excitability however the effect was decided. 
Here the experiment started with the stimuli so distanced as to yield 
considerable fusion of the two beats; i.e. the pair of stimuli produced 
a pair of beats which overlapped each other. This occurred with the 
metronome standing at 22 on the scale, and the secondary coil at 7. 
After the addition of rubidium chloride, at the end of the experiment 
the secondary coil at 7 was unable to excite a contraction at all, and 
with the coil pushed up to 3, it was no longer possible to produce 
double excitation, except by increasing considerably the interval be- 
tween the stimuli, viz. with the metronome advances from 22 on the 
scale to 5. 

Like potassium chloride, rubidium chloride arrests the ventricle 
in diastole. : 

Whilst rubidium is so closely similar to potassium, the case is far 
different with cesium, the physiological action of this metal being 
much more akin to barium and strontium. 7 
| On replacing blood mixture by 200 c.c. of saline solution containing 

12 to 2 c.c. of 1°68 per cent. solution of cesium chloride, the frequency 
of the spontaneous contractions is much increased, the trace of each 
beat becomes much broadened with much fusion of the contractions. 
Much tonic contraction also occurs. The primary fall with simple saline 
only is prevented or becomes very slight, but cesium cannot sustain the 
heart's contractility and so the trace falls nearer and nearer to the 
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base line, and in about twenty minutes all contractility ceases. When 
the ventricle beats less frequently the trace of each beat then becomes 
still broader. | 

The following experiment well illustrates many of the properties of 
cesium. 

I first took a trace with blood mixture (see Fig. 1, A.). I then substi- . 
tuted for the blood mixture, 200 cc. of saline solution, containing 
2 cc. of 1°685 per cent. solution of cxzsium chloride. The trace of 
each beat soon grew broader, and tonic contraction ensued. Ten minutes 
after the change of fluid the trace beat had become very greatly 
broadened (see B.). The ventricle then grew weaker and weaker till 
at last contraction almost ceased, when I added 3 c.c. of 1 per cent. 
solution of sodium bicarbonate to 150 c.c. of circulating fluid. The 
contractions grew stronger but retained the same character and never 
became so complete as with blood mixture (see C, ten minutes after 
adding the sodium bicarbonate). 

I then added 1 c.c. of 1 per cent. solution of potassium chloride 
to 150 cc. of circulating fluid. This weakened the contractions almost 
to the point of extinction. On adding 1°5 c.c. of 1°586 per cent. solution 
of strontium chloride, an equivalent quantity to the cesium chloride 
contained in the fluid, the contractions immediately improved and 
became as complete as with blood mixture, but retained the cesium 
quality, indeed they became broader than under cesium and saline 
alone (see D. after a long diastolic pause). The length of the contraction 
was proportionate to the interval of rest between each beat. 

I then added 1'5 c.c. of 1°11 per cent. solution of calcium chloride 
or an equivalent quantity molecule for molecule to the cesium chloride 
- contained in the fluid and immediately the lime prevailed over the 
cesium, the beats grew shorter and shorter till they became almost 
identical with the beats under blood mixture (see E.). Here whilst an 
equal molecular quantity of strontium failed to remove the cesium 
effects an equal molecular quantity of calcium chloride almost entirely 
replaced the cesium effects. 

It appears then, that cesium differs considerably from potassium 
and rubidium and is closely allied in its physiological action on the 
ventricle to barium. 

Whilst strontium is powerless to antagonize an equal molecular 
quantity of cesium, yet by increasing the quantity of strontium the 
cesium effect may be overcome. 

In the preceding experiment lime sibs cesium but at the 
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same time cesium antagonizes some of the calcium effects, if the salts 
are employed in equal molecular quantities. 

I replaced blood mixture by 200 c.c. saline solution containing 4 c.c. 
of 1 per cent. solution of sodium bicarbonate and 2 c.c. of 1°11 per cent. 
solution of calcium chloride and 2 c.c. of 1685 per cent. of cesium 
chloride, The trace of each beat grew somewhat broader and its top 
rounded, but no other change occurred. The diastole did not become 


delayed, nor did any contraction or fusion of the beats occur. The 


ventricle continued to beat spontaneously and three hours after the 
substitution, the trace of each contraction measured about one-eighth 


less and was a little broader and rounder at its top than at the begin- 


ning of the experiment with blood mixture. __ 

Here, then, whilst calcium antagonized the cesium, the cesium 
antagonized the calcium preventing its effect on dilatation and 1 in this 
respect acting like potassium. 

Here we have an instance of mutual antagonism. The lime pre- 
vented the cesium effects whilst the cesium obviated one of the calcium 
effects and as the result of this mutual antagonism we obtained a good 
circulating fluid capable of sustaining good contractions for upwards of 
three hours, the character of the contractions differing little from the 
contractions with blood mixture. 

This mutual antagonism is shown in another interesting way. 

I replaced blood mixture by 200 c.c. of saline solution containing 
4 c.c of 1 per cent. solution of sodium bicarbonate and 2 c.c. of 1°11 per 
cent. solution of calcium chloride. The usual calcium effects ensued, see 
Fig. 2. B. Then to the 200 cc. of circulating fluid I added 2 cc. of 
1-685 per cent. solution of cesium chloride. At first the fusion increased 
much, Five minutes after the addition of czsium I obtained the trace 
shown at C. 

‘The contractions then grew gradually more temmler and about twelve 
minutes after adding the cesium the beats became just like those with 
blood mixture. An hour after the replacement the ventricle beat 
spontaneously and its beats were equally good and of the same character 
as with blood mixture: see D. Here the cesium before it had time to 
expend its full antagonistic effect, caused much irregularity in the 
character of the beat, but when the antagonism became complete, the 
contractions sites a natural character just like those with blood 
mixture. 

Cesium, vee in spite of its close chemical affinity to potassium, 
differs considerably from potassium, Cesium, indeed, produces for the 
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most part the opposite effects to potassium, broadening the trace, 
rounding its top, inducing fusion; yet in spite of this great difference 
in its action still cesium, like potassium, possesses the property of 
obviating the effect of calcium on the dilatation. 

Next I endeavoured to ascertain whether with strontium and cesium 
together we could constitute a fluid able to sustain the heart’s contrac- 


tility. 


I replaced blood mixture by 100 c.c. saline solution containing 
4 c.c, of 1 per cent. solution of sodium bicarbonate, 1 c.c. of 1°685 per 
cent. solution of cesium chloride and 1 c.c. of 1°586 per cent. solution of 
strontium chloride. The contractions grew much broader and in about 
ten minutes, the dilatation became much prolonged and the contractions 
grew feeble. I then added 1 cc. of 1°11 per cent. solution of calcium 
chloride and the contractions at once improved and the trace soon quite 
recovered its original height, and the delay in dilatation disappeared, 
the trace remaining only a little broader than with blood mixture. 

We find then that strontium and cesium cannot sustain the heart’s 
contractility, and that on the addition of equivalent molecular quantity 
of lime the strontium effects are removed, the contractions recover and 
become normal again. 

As cesium is so similar to barium in its action on the ventricle, I 
resolved to ascertain if barium could take the place of cesium and 
when associated with a lime salt could sustain the contractility of the 
ventricle. I replaced blood mixture by 100 c.c. of saline solution con- 
taining 2 c.c. of 1 per cent. solution of sodium bicarbonate, 1 c.c. of 2°08 
per cent. solution of barium chloride and 1 c.c. of 1:11 per cent. solu- 
tion of calcium chloride. The beats became broader and fused and 
grew much weaker. I then added 1 c.c. of 1°685 per cent. solution of 
cesium chloride. The fusion ceased, and at first lime effects persisted, 
for the dilatation continued much delayed, but this condition soon © 
disappeared and the trace became almost the same as with blood 
mixture. 

Here, then, as might be expected, in spite of the close similarity 
in their action on the ventricle, barium cannot replace cesium, see 
Fig. 3. 

Cesium differs in part from both potassium and rubidium in respect to 
its influence on the effect from continuous faradization. Under the influ- 
ence of cesium chloride, faradization does not inhibit the cardiac con- 
tractility. I made experiments exactly similar to those with rubidium, 
using a 1°685 per cent. solution of cesium chloride. Additions from 
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time to time of this solution produce gradual loss of excitability of the 
cardiac tissue for the faradic stimulus. Starting with a good tetanus, this 
gradually lessened and at last the faradization is without effect, the 
existing rhythm being unmodified. This occurred after the addition of 
3 c.c. of the cesium chloride solution, but the inhibitory effect was not 
seen even after 4 c.c. though the ventricle was practically arrested in full 
diastole ; it was possible to see for each period of faradization, a faint 
corresponding waviness of the trace, indicating faint contractions. 

Dr Sainsbury tested the effect of cesium on the period of dimin- 
ished excitability by experiments performed exactly like those with 
rubidium. 

The period of latency was somewhat increased but the effect was 
not very marked. The period of diminished excitability was very 
decidedly increased, the metronome being advanced from 15, which 


position was effective up to the top of the scale (0) and yet the second - 


stimulus remained without effect. This occurred after the addition 
of 2 c.c. of the cesium solution. In this experiment the ligature was 
placed well below the auriculo-ventricular groove, through the substance 
of the ventricle, yet in spite of this spontaneous contractions set in after 
the drug was commenced and this increase in the period of diminished 
excitability occurred in spite of the increased frequency of the spon- 
taneous contractions, | 
Cesium chloride, then, in its physiological action on the ventricle, 

only corresponds to potassium chloride in these respects, both obviate 
the delay in dilatation caused by calcium salts and both increase the 
period of diminished excitability and so prevent tetanus from continuous 
faradization. | 

It is interesting to compare the effect of chemical similarity on phy- 
siological similarity in the group calcium, strontium and barium and in 
the group including potassium, rubidium and cesium. 

Strontium is chemically more allied to calcium than eta is to 
calcium and whilst strontium is in its physiological action very similar to 


calcium, barium is far less similar to calcium, So it is with the group _ 


potassium, rubidium and cesium, Rubidium is chemically more allied 
than cesium to potassium and yet rubidium is almost identical in its 
physiological action with potassium, whilst cesium differs in sat of 
its physiological effects from potassium. 
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EXPLANATION OF FIGURES. PLATE XXII. 


1. 
Trace with blood mixture. 


.. Trace taken ten minutes after the substitution of blood mixture by 


200 c.c. of saline solution containing 2 c.c. of 1°685 per cent. of cesium 
chloride. 

Ten minutes after the addition of 3 c.c. of a 1 per cent. solution of 
sodium bicarbonate to 150 of the above. 

After the addition of 1 cc. of a 1 per cent, solution of potassium 
chloride to 150 of circulating fluid and subsequently of 1°5 c.c, of a 
1586 per cent. solution of strontium chloride. 


After the addition of 1°5 c.c. of a 1°11 per cent. solution of calcium 
chloride. 


Fia. 2. 
Trace with blood mixture. 


Trace about fifteen minutes after replacing blood mixture with 200 c.c. 
saline solution containing 4c.c. 1 per cent. solution of sodium bicarbonate 
and 2 c.c. 1°11 per cent. solution of calcium chloride. 

Trace five minutes after adding 2 c.c. of 1°685 per cent. solution of 
cesium chloride to 200 of circulating fluid. 

Forty-five minutes after the addition of cesium chloride and an hour 
after the replacement of blood mixture by saline solution containing 
sodium bicarbonate and calcium chloride. ) 


Fie, 3. 
Trace with blood mixture. 
Effect of replacing blood mixture by saline containing chloride of calcium, 
chloride of barium and sodium bicarbonate. | 
It shews also the effect of adding cesium to the circulating fluid; the 
cesium chloride was added at the point indicated by an arrow. 
Trace twenty minutes after adding cesium chloride and forty minutes 


after replacing blood mixture by saline containing barium chloride and 
calcium chloride. 
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SOME NOTES ON THE FIBRIN-FERMENT. By 
SHERIDAN LEA, M.A., Trinity College, Cambridge, AnD 
J. R. GREEN, BSc., Scholar of Trinity College, Ca 


In 1879 a paper was published’ by Gamgee containing an account of a 
repetition of Buchanan’s researches on the coagulating powers of the 
so-called “washed blood-clot.” While fully confirming Buchanan’s 
statements the author went a step further and prepared from the blood- 
clot an extremely active extract of the fibrin-ferment, upon whose 
presence in the clot, the coagulating powers of the latter were alone 
explicable. He found that by treating the clot with an 8 per cent. 
solution of sodic chloride a ferment solution of extraordinary activity 
was obtained, and from the reactions of this solution he came to the 
conclusion “that the so-called fibrin-ferment is in reality a proteid body 
belonging to the group of ‘globulins.’ From what we know’ of the 
fibrin-ferment first obtained by Al. Schmidt, this body is certainly not 
a globulin and presumably not a proteid, although perhaps more closely 
allied to a proteid in composition than to any other class of bodies. 
This latter view seems justifiable in the light of our knowledge of the 
properties of such of the ferments as have been prepared up to the 
present time in the purest form, and of the assumption that the 
ferments are as a class closely allied in composition. Thus ptyalin is 
not a proteid, neither is pepsin, and the purified trypsin obtained by 
Kiihne, though not devoid of proteid reactions’, is also probably not a 
true proteid. And although the analysis of bodies of whose purity 
there is at present no reliable criterion must of necessity be extremely 
unsatisfactory, still as far as such analysis has been made, it points 
certainly to a closer relationship in composition of the ferments with 
proteids than with any other class of organic bodies‘. 


1 Jl. of Physiol. Vol, 1. 1879, p. 145. 

2 Pfliiger’s Arch. Bd. v1. 1872, 8. 457 et seq. 

3 Verhandl. d. nat.-hist. Ver. Heidelb. 1876, Hf. 4. 

* Hiifner, Journ. f. prakt. Chem. Bd. y. (N. F.) 1872, 8. 872. 0. Low, Arch. f. d. 
Ges. Physiol. Bd. xxvit. (1882), 8. 208. Also from notes of a lecture by Kiihne, 1877. 
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On comparing then the properties of the ferment body extracted by 
Gamgee from washed blood-clot with those of Schmidt's ferment, 
there is a marked difference in the two; and although Gamgee has 
made some suggestions’ with a view to reconciling the apparently 
opposed statements, still such suggestions are not altogether satisfactory. 
Feeling strongly the extreme improbability of the existence of two 
fibrin-ferments we have lately made a number of experiments on the 
ferment contained in blood-clot and have come to the conclusion that it 
is in all essential features identical with that obtained by Al. Schmidt. 

The following is an account of our experiments. 

Blood-clot was prepared in the usual way by mixing blood with 
10—15 times its volume of water and allowing it to stand for 24 hours 
until coagulated. The fibrin thus formed was washed with water until 
it was quite colourless. The water was then thoroughly squeezed out, 
the fibrin chopped up, and a quantity of 8 per cent. sodic chloride 
solution, rather more than enough to cover it, was added to it. This 
was then allowed to extract for two days in a bottle kept on ice. At 
the end of this time the salt extract was strained off, the fibrin 
squeezed, and the whole of the extract filtered through fine filter paper. 
The solution thus obtained was slightly opalescent. It possessed 
extremely powerful ferment properties; three drops of it added to 
10 cc. of diluted salt-plasma obtained from horses’ blood, caused the 
latter to clot in four minutes when exposed to a temperature of 38° C.* 
This extract gave a copious coagulum on heating and contained large 
amounts of proteid matter as evidenced by the usual tests, xantho- 
proteie, &c. We next dropped the salt extract into 20 times its volume 
of strong (95 per cent.) alcohol ; a copious precipitate was thus obtained 
which settled readily to the bottom of the vessel on standing. The 
supernatant alcohol was poured off, fresh spirit added, and the whole 
left for 24 hours, At the end of this time we took a small portion of 
the precipitate, filtered off the spirit, squeezed the residue between 
filter paper, and then treated it for several hours with distilled water. 
A very small portion of the residue seemed to be thus dissolved; the 
water was then filtered off, the residue squeezed out as before and then 
extracted with an equal bulk of an 8 per cent. solution of sodic chloride, 


1 Loc. cit. p. 156. 

2 The plasma we used was obtained by mixing horses’ blood with one-third of a solution 
of magnesic sulphate prepared by mixing two volumes of a saturated solution of this salt 
with seven volumes of water. After the corpuscles had subsided the clear plasma was 
diluted with 10 times its volume of water before being used. ~ 
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Only a very small portion of the residue was thus dissolved. Evidently 
the alcohol had already effected a fairly complete coagulation of the 
precipitated proteids. 

A few drops of each of the above extracts clotted dilute plasma, the 
salt extract in 20 minutes, the aqueous extract in 30”. When tried 
with the xanthoproteic test both the extracts gave a very weak proteid 
reaction. Even from the above experiments the probability of the 
ferment being a proteid was diminished. We repeated the above 
several times with fresh portions of the original alcoholic precipitate, 
washing the residue on the filter with alcohol until all traces of sodic 
chloride were removed before extracting with distilled water, and 
extracting for longer times with the water and salt solution. The 
extracts thus obtained always contained some ferment and only traces 
of proteids, the salt extract always being the more active of the two. 

After the original precipitate had stood three days under alcohol we 
took half of the precipitate, filtered off the alcohol, washed with alcohol 
till free from sodic chloride, squeezed between filter paper and extracted 
with distilled water. This extract contained as before some ferment, 
but even less proteid matter than when worked up before the more 
prolonged action of the alcohol. After removing the water as before, 
the residue was extracted for 24 hours with 8 per cent. sodic chloride 
solution*. We thus obtained a considerable bulk of this salt extract, 
with which we made the following experiments. A few drops of it 
clotted 10 c.c. of plasma in 5’. It contained very small amounts of 
proteids. | 

The rest of this salt extract was divided into two parts; one part we 
put into a dialyser (A), the other half we poured into a large excess of 
alcohol (B); it gave a flocculent precipitate. 

(A.) After continued dialysis, changing the water outside the 
dialyser constantly, the salt’ was completely removed and the fluid in 
the dialyser had become opalescent. Half of this was then filtered, and 
yielded a clear filtrate. Both the filtrate and the opalescent portion 
were then tested for ferment. Equal bulks of the two added to equal 
portions of plasma gave a clot, the filtrate in 30’, the opalescent portion 
in 15’. The filtrate gave the faintest possible xanthoproteic reaction. 


1 We of course always placed a portion of the dilute plasma to which no addition had 
been made, side by side with the other portions, as a control. In none of our experiments 
did the dilute plasma alone give any clot. 
_  ® The residue was not appreciably lessened in amount botee this extraction, and when 
tested was found to consist chiefly of proteid matter. 
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‘The addition of a-crystal of sodic chloride at.once removed the opales- 
cence of the unfiltered portion, which was doubtless due to the presence 
of traces of globulins incompletely coagulated by the alcohol. _. 

From this we concluded that (i) the activity of the ferment when, 
freed ‘from ‘any considerable admixture of globulins is not so very 
appreciably lessened by dialysis, certainly not: almost annihilated as 
Gamgee states, and that (ii) the absence of any marked xanthoproteic 
reaction negatived the idea that the ferment is a proteid. 

(B). After standing three days under alcohol this precipitate was 
filtered off and washed thoroughly with spirit until free from sodic 
chloride. It was found to be-soluble in distilled water; the solution 
gave a scarcely perceptible xanthoproteic reaction and a few _— of it 
clotted dilute plasma i in five minutes»; _ 

From this again we concluded that the ferment is not a globulin, 
and probably not a proteid at all. 

Now although from the activity of the:distilled-water extracts of the 
alcoholic precipitates, and the feeble proteid reactions of such extracts, 
we were perhaps justified in assuming that the ferment:is certainly not 
a globulin, still the amount of xanthoproteic reaction was not sufficiently 
small to‘enable us to’say positively that the body is not a proteid. -').. 

We now proceeded to work up the remainder of the original 
alcoholic precipitate of the first salt extract of the washed blood-elot. 
This had now been stariding for a fortnight under aledhol.: 

' As before this precipitate was filtered off, and extracted for two days 
with 5 per cent. sodic chloride, experiment having’ shown that a salt 
solution of this strength is as efficient as an 8 per cent. solution in 
effecting the extraction of the ferment. This extract: was then. poured 
into an excess of alcohol and yielded a flocculent precipitate, As in 
former cases there was-no appreciable dimimution:in bulk of..the 
original precipitate during the extraction, and the‘ residue after the 
extraction consisted’ almost’ entirely of -proteid: matter..-. After 24 hours 
this precipitate was filtered off and oné-half: was washed free from sodic 
chioride.. This ‘half was found:to be;readily soluble: in distilled: water, 
contained no sodic chloride, gave a xahthoproteic reaction whieh was so 
faint that the yellow colour could:only, just: be:seen, hy the: most careful 
examination, and clotted dilute plasma in a few minutes’. The half 


1 At this point in our work we had used all the plasma of horses’ blood and were unable 
to readily obtain any more. We found however that a perfectly serviceable diluted 
preparation of blood could be obtained as follows. Blood from a rabbit is run directly into 
half of its bulk of 25 per cent. solution of magnesic sulphate, rapidly mixed, and then 
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which had not been washed free from adherent salt was then dissolved 
in distilled water and dialysed till free from salt. It did not become 
opalescent, gave no proteid reactions, and clotted dilute plasma in a few 
minutes. 

_ We finally dialysed a portion of a salt extract of washed blcod-eiot; 
and found that it became opalescent and yielded a flocculent precipitate 
as the salt was removed. When filtered the filtrate possessed weak 
though decided. coagulating powers, whereas the precipitate had very 
active ferment properties, thus agreeing with the statements made by 
Gamgee. 

When we review the results of the experiments which we have thus 
detailed we feel justified in coming to the following conclusions. 

When washed blood-clot is extracted with 5 or 8 per cent. sodic 
chloride solutions, not only does the ferment go into solution but also a 
considerable portion of globulins. Such a mixed solution exhibits the 
properties described by Gamgee, but the true ferment body is not a 
globulin, for, as we have seen, by the prolonged action of alcohol, the 
globulins are coagulated and the ferment which can then be extracted 
from the coagulum is readily soluble in distilled water and gives such 
feeble, if any, xanthoproteic reaction as not to warrant the assumption 
that it is a proteid. It is m facet the same wer as that obtained by 
Schmidt. 

The loss of active property which Gamgee ducal as the result of 
dialysis of his salt extracts of the blood-clot appears to be due to the 
reprecipitation of the admixed globulins which as they separate out 
carry the ferment with them. Schmidt also states that his ferment 
solutions lost in activity by dialysis; but he also says that his solutions 
of the ferment were most active when least pure, and it is perhaps just 
permissible to suppose that the impurities consisted chiefly of proteids 
(? globulins) and that if such impure solutions were dialysed the im- 
purities would be precipitated and carry the ferment down with them. 
Hammarsten finds that pure solutions of the ferment may be dialysed 
and still retain their full activity. We have additionally made a few 
experiments on the temperature at which the ferment loses its activity. 
As the result of these experiments we find that the activity of the 


frozen with a mixture of ice and salt. After being frozen for a short time it may be 
allowed to thaw and kept for a long time ready for use by surrounding it with ice. Blood 
thus treated may be diluted with ten times its bulk of water without yielding any 
immediate clot, although it does so at once on the addition of fibrin ferment. It can be 
used instead of horses’ plasma and obviates the difficulty of readily obtaining the latter. 
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dialysed solutions is destroyed at about 70° C. In one case we obtained 
a coagulation with a portion which had been heated to 67°C. Several 
experiments with portions heated to 60° C. shewed that at this tem- 
perature the ferment action is still retained. This corresponds well with 
what we know of the action of heat on other ferments, such as pepsin 
and trypsin. Our results correspond thus with those of Schmidt’, who 
found that although his ferment lost in activity if heated to 55° C., still 
it-‘might be heated to 70° C. before being very materially deteriorated. 
We intend however making further experiments on this point. 

From the solubility of the separated ferment in distilled water and 
the absence of proteid reactions we feel, as above stated, justified 
in saying that the ferment body is not a globulin; but it may be 
asked if this is so, why is the ferment so much more readily extracted 
by salt solutions? During the washing of the blood-clot, it is exposed 
to large quantities of water for frequently two or three days and yet 
the ferment is not extracted. We cannot as get give any satisfactory 
explanation of this fact. It may be due-to a greater solubility of the 
ferment in such saline solutions; but when separated out the ferment 
is readily soluble in distilled water. We should however prefer to say 
at present that it is rather due to a greater readiness of extraction by 
such solutions from precipitates in which it has been carried down, 
without attempting to explain the causes of this. From some work 
at present being done in the Physiological Laboratory on the 


amylolytic ferment of the liver, it appears that in this case also dilute 


salt. solutions more readily extract the ferment from liver which has 


_ been finely minced and has stood under alcohol for some time, than 


does distilled water. It has also been found by one of us* that a 
5 per cent. solution of sodic chloride is most efficient in effecting the 
extraction of a ‘rennet’ ferment from the seeds of a certain plant, 
Withania coagulans. Moreover, as is well known, solutions of sodic 
chloride are generally used in the preparation of active extracts of 
rennet from the mucous membrane of the calf's stomach’. 


1 Arch. f. Anat. u. Physiol. 1861, 8. 545 u. 675. Pfliiger’s Arch. loc. cit. 8. 463. 

‘? Proc. Roy. Soc. Nov. 20, 1883. 

3 It is almost impossible, even by a very prolonged series of successive treatments of 
the alcoholic precipitate with solutions of sodic chloride, to completely extract the fibrin 
ferment from the residue. Thus in some cases we have extracted the alcoholic precipitate 
of the original salt extract six consecutive times with considerable bulks of 8 per cent. 
NaCl solution; each extraction lasted 24 hours, and the sixth extract contained an - 
appreciable amount of ferment. During these extractions the residue, judged by mere 
inspection, did not appear to have undergone any diminution in bulk. 
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We have examined ordinary fibrin obtained by whipping un- 
diluted blood and find that this also yields extremely active solutions 
of the fibrin ferment when extracted with 5—10 per cent. sodic chio- 
ride, a large amount: of globulin passing at the same time into solu- 
tion: ' ‘So: active are these extracts that it seems almost unnecessary 
to take the trouble of preparing washed blood-clot for extraction. 
From such: fibrin we aré now engaged in preparing a considerable 
mass of material with a view to isolating the ferment from it in 
quantity, and hope to make known the results of. our farther experi- 
ments in this direction in a future communication. 


_. Nov, 20, 1888. 
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PROCEEDINGS 


| 


PHYSIOLOGICAL SOCIETY. 


December 13, 1883. 


: Dr demonstrated the following facts _conoorning 
the physiology of the heart of the eel :— 


a) That the heart can be reflexly arrested by gently squeezing the 
Be tail near its extremity ; ; by electrically stimulating the spinal cord in 
the caudal region ; by applying pressure or might friction to the ventral 
‘surface or sides of the head and neck, 


: (2) That after profound inhibition the ventricle recommences action 
before the auricle, 


(3) That during inhibition the auricle is inexcitable and cannot be 
made to contract by direct. mechanical, thermal, or electrical stimuli, _ 

That during inhibition the ventricle responds to a single ee 
by a single contraction. 


(4) That.any part of the auricle may, by passage of an interrupted } 
current through it, be inhibited while the remaining part of the auricle 
goes on beating. 7 

(5) That upon the application of a strong direct stimulus to te e 
ventricle there ensues a systole of the ventricle, towards the latter part 
of which there occurs a peculiar dark bulging of the ventrioular wall at — 

the point of stimulation, | | 
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The demonstration was followed by a verbal communication from 
Dr M‘William, of which the following is a brief abstract :— 

The heart of the eel (consisting of sinus venosus, auricle, and ven- 
tricle) is not freely suspended in the pericardial cavity but is attached 
to the walls of that cavity by numerous fibrous bands. The various 
parts of the heart are at the same time connected with each other by 
similar bands. 

(In registering the action of the parts of the heart by means of 
levers, these bands offer very convenient points of attachment for the 
threads which move the levers. In this way can be avoided any dis- 
turbance of action such as may result from direct fixing of threads to 
the muscular tissue.) 

In some of these bands there run large blood-vessels, which coming 
forward from the back part of the pericardial chamber in a more or less 
tortuous course, climb up on to the moving ventricle and ramify on its 
surface. 

_ The greater part of the thickness of the ventricular wall, however, is 
spongy. 

The sinus venosus presents some peculiarities. 

_ Between the termination of the two jugular veins there is a small 
part of the sinus marked off by a slight fold; this part becomes con- 
tinuous with the-dorsal.wall of the auricle. Iti is physiologically distinct 
from the remaining part of the sinus, and may for convenience sake be 
termed the “interjugular part” of the sinus. 

Besides its communication with the auricle, the sinus is alec directly 
connected with the ventricle, the ventral wall of the sinus being directly 
attached to the ventricle. | 

The auricle is really an appendage or divgtisnies on the sides and 
dorsal surface of the continuation of the sinus which passes to the 
ventricle. The auricle is placed upon this continuation of the sinus a 
little distance from the termination of the latter in the ventricle, so 
that the auricle is not directly attached to the ventricle. 

The normal rhythm of the heart begins by a distinct a 
‘beat in the right and left jugular veins near their termination. (This 
‘spot may be termed the “ ostial part” of the sinus.) 

Thence the contraction passes along to the interjugular part of the 
‘sinus, and thence to the auricle and ventricle. 

The thythm i is easily reversible by direct stimulation of the ventricle; 


the reversion does not persist when stimulation of ‘the: ventricle is 
discontinued, 


ré 
‘ 
4 
Pais 
a 
= 
(4 
ig 
a 
# 
bx 
be 
t 


SOCIETY, DEC. 13, 1883. iii 


- The interjugular part of the sinus may in certain circutnstances take 


the lead for a considerable time. And by passage of a constant current 
through the ostial and interjugular parts of the sinus respectively, eithor 
of these parts may often be made to lead the rhythm at pleasure. 

Inhibition is very easily excited and is very powerful. When the 
animal struggles, a marked as a effect on the heart is ayeeeca to 
be observed. 

Reflex inhibition can be very readily brought about by— 

(1) Gently squeezing the tail. 

_ (2) Application of pressure or slight friction to the ventral — 
or sides of the head and neck. 

(3) Electrical stimulation of these soy or of the spinal cord. 

(4) Placing the animal in the vertical position with the heed 
downwards. 

(5) Strong ‘alaailidiion of almost any part. 

Inhibition is accompanied by diminution of tone and by marked 
_ gorging of all parts of the heart. Section of all the large blood-vessels 
connected with the heart does not prevent reflex inhibition. It is also 
got in the intact animal. Destruction of the medulla, section of the 
vagi, and poisoning with atropine or curara abolish reflex inhibition, — 


Order of recommencement of heart's action after inhibition. 


After profound inhibition the ventricle beats before the auricle 
begins, but the ventricle is not really the part that initiates the recom- 
mencement. The interjugular part of the sinus does so, Often one or 
_ two beats of the interjugular part take place before any other part 
moves; then the contraction spreads over the sinus to the ostial part, 
and down to the ventricle, whilst the auricle often remains motionless 
till several beats of the other parts of the heart have taken place. The 
auricle then begins with a weak beat, sometimes following a ventricular 
contraction. 

It is clear then that there is a distinct path from the sinus to the 
_ ventricle along which the contraction can pass—other than through the 


auricle. This is further illustrated by the fact that the auricle can be _ 


cut away without interfering with the passage of the contraction. 
After recommencement from the inhibitory pause the interjugular 
_ part of the sinus continues to lead for a variable length of time; the 
ostial part then again becomes dominant. , 
After slight inhibition the whole heart generally participates i in the 
first systole, but the contraction begins as a rule at the interjugular 
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i of the sinus and not at the ostial part which normally takes the 


pee well-marked augmentation of the foree and rapidity of the heart's 
bead | is seen after inhibition has passed away. And when the ventricle 
has been responding to every second or third beat only of the other 
parts of the heart, inhibition is often followed by a phase in which oe 
ventricle — to every contraction of the other parts. 


State of the parts of the heart during inhibition, 


- During strong inhibition the auricular muscle is inexcitable. Power- 
ful mechanical, chemical, thermal, electrical stimuli are alike unable to 
elicit a contraction of the auricle. The ostial part of the sinus is also 
inexcitable. 

As the inhibitory influence i is diminishing, siatial contractions of 
the auricle are often got around the stimulated point. 

During inhibition the ventricle and the interjugular part of the 
sinus respond to a single excitation by a single contraction of both these 
parts, the stimulated part contracting first. 

‘Contraction of either of these parts seems to lead very readily - 
contraction of the other. 


of the interrupted current to the vein, sinus, 
or auricle immediately arrests the heart with its cavities gorged as 
before. 

Buta localised inhibition can also be got in the auricle by the 
passage of an interrupted current of proper strength through any part ; 
that part is thrown out of action while the rest of the auricle goes on 
beating. 

A series of induction shocks produces the same result. 

Single induction shocks and mechanical stimuli applied to the 

‘auricle do not cause arrest, but each excitation elicits a single con- 
traction. | 
An effect of direct stimulation of the ventricle. 

On application of a strong direct stimulus to the ventricle a con- 
traction is induced which spreads to the other parts of the heart; the 
contraction begins at the stimulated point and thence spreads over the 
ventricle. Towards the latter part of this systole of the ventricle 4 
remarkable dark bulging appears at the stimulated spot and ” 
passes off into the surrounding tissue where it becomes lost. . 
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This phenomenon is sometimes observed when the stimulation is not 
sufficient to make the ventricle contract before the other parts of the 
heart; the dark bulging appears at the stimulated spot when the 
veutricle contracts in sequence to the sinus and auricle. 

The dark bulging sometimes ceases to be got for a time when 
the stimulations producing it are very frequently — at sed 
one part. 

It is equally marked in the normal and inhibited states, ‘bat { is not 
in the bloodless ventricle. 


2. Mr Victor ae briefly described four cases of injury to the 
brain in man, illustrating very exactly the position of the cortical motor 
centres in the human cerebrum, The ‘casés selected were choseri as 
fulfilling as nearly as possible the conditions of exact experiment, since 
the lesion in each was extremely limited while the symptoms were well 
marked, unilateral, and appeared immediately after the exciting cause, 
while finally in three instances the opportunity of examining the brains 

occurred within a few days of the injury. 
The following is a summary of the cases, 

In. the first, Broca’s’ convolution was bruised by | a Blow 
on the skull directly over it. There followed, immediately, aphasia, the 
patient being only able to say “ Yes.” On the fourth day a slight local 
attack of cerebritis around the bruise caused two short fits of convulsive 
spasms, affecting the facial muscles in the order indicated by the grouping 
of the cortical motor centres for the face. (Ferrier.) — 

In the second, the anterior half of the centre for the left lower limb 
was totally destroyed, as also the upper 3rd of the centre for the left 
upper limb. The remainder of these centres were undermined by a 
thick layer of extravasatéd blood cutting through the fibres of the direct 
pyramidal tract. There followed immediately paresis, and in a few hours 
paralysis of the left limbs only. 

The third case was almost precisely similar to the second, except 
that here the centres for the face were undermined by similar extrava- 
sation and to the paralysis (complete) of the left limbs was added at 
of the left side of the face, 

In the fourth case, laceration of. the right superior catia 
‘sphenoidal gyrus caused haemorrhage over the surface of the lower 3rd of 
the ascending frontal gyrus where the brain cortex was depressed 2mm. 
The blood also spread over the lower half of the parictal lobe in a 
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thin layer. On adniission there was paralysis of the lower division of 
the left facial muscles and the patient was deaf in the left ear. On the 
fourth day the cerebritis commencing under the haemorrhage area 
caused convulsive movements of the left side, the muscles being affected 
in the order of proximity of the cortical motor centres, A tracing was 
taken of the contractions of the left rectus femoris muscle in one fit 
of spasms. This shows minimal and maximal contractions of the muscle, 
most of which appeared to be single waves although the longest (at the 
end) were of no less than 83, sec. duration. Query. Direct discharge 
from the cortex of the cerebrum through the cells of the anterior cornua 
of the spinal cord (acting as ore to the muscle, ~ 


3. Dr S. made the billowing communication on “The 

influence of Saline Media on Fishes.” 

- The influence of calcium, sodium and potassium salts on the 

ventricular contraction induced me to make the following experiments. 
I placed fish in distilled water; in distilled water containing only a 

sodiurn, or a potassium, or a cieiniin salt; and in distilled water con- 

taining combinations of these salts. 

I always placed six fish in a 1000c.c. of fluid, and the fish were kept 
in the same water throughout the experiment. 

I have experimented with minnows, sticklebacks and gott-tish, and 
find that each kind are affected in the same way. : 

_ [here record only my experiment with minnows. 

In each series of experiments I placed fish in distilled water; in 
distilled water containing a sodium salt; in distilled water containing a 
potassium salt; in distilled water ontabisines a calcium salt; and others 
in various combinations of these salts and some in tap water. 

Fish will live for weeks unfed in tap water. 

Minnows placed in distilled water die on an average in 4°5 Ls, 

This inability of distilled water to support sae must be due to 
deficiency of either oxygen or salts. 

It is not due to want of oxygen, for on adding inorganic salts to 
distilled water its power to sustain life is increased, and on the addition 
of lime, potassium and sodium salts in certain proportions the fluid 
sustains life as well as tap water. | 

These salts must be present in certain per centage. At least there 
is a minimum per centage below which the water becomes incapable of 
sustaining life. I find that minnows placed in water consisting of one 


Mig 
9% 
4.) 
4 
; 
g 
y 
4 
Pas 
d 
4 
“<4 
4 
\ 
> - 
2 
a 
‘ 
4 3 


SOCIETY, ‘DEC. 13, 1883. ‘vii 


in 43 hours. 
The addition of either a sodium or a potassium o or & : cabin salt to. 
distilled water greatly prolongs life. Sodium chloride, sodium bicarbonate, 


and potassium chloride added singly to distilled water sustain life for 


about the same time, namely from one to two days; sodium bicarbonate 
prolonging life rather longer than either of the other two salts. | 

Calcium chloride added to distilled water sustains life much longer 
than either corresponding quantities of sodium or potassium salts. For 
instance, with 30c.c. of 1 per cent. solution of calcium chloride to the 
1000 c.c. of distilled water, six fish died on an average in 47 hours ; 
whilst nine were still alive on the 12th day. 

The addition of sodium bicarbonate greatly assists calcium chloride 
to prolong life. Thus 10c.c. of 1 per cent. solution of calcium chloride 
to 1000.c.c. of distilled water sustains life on an average for 24 hours, 
but the addition of 20c.c. of 1 per cent. solution of sodium bicarbonate 
gave the following result: sixteen fish died on an average in 47 hours, 
one was alive on the 5th day, and four were alive on the 9th. day. 

Again, with 20c.c. of sodium bicarbonate solution and 20 cc. of 
calcium chloride solution to the 1000 cc. of distilled water of ten fish, 
one died on the 3rd day, two on the 17th day, and seven were alive on 
the 19th day. 

The addition of potessiam chloride to sodinsh bicarbonate and 
calcium chloride still further prolongslife, 

In three experiments, with a solution consisting of 20 cc. of 1 per 
cent. solution of calcium chloride, 20¢.c. of 1 per cent. solution of 
sodium bicarbonate, and 10c.c. of 1 per cent. solution of potassium 
chloride, | 

I, One fish died in 11 hours, — 

Two » 48 hours, 
Four were alive. on the 7th day. | 

II. Twelve fish were all alive on the 12th day. 

III. Twelve fish were all alive on the 21st day. — 

In what way does distilled water or, in other words, the absence of 
salts destroy life ? 

“Soon after being placed in distilled shite fish breath laboriously, 
and the water becomes opaque with flocculi, Those solutions best — 
capable of sustaining life become least flocculent. When any of the 
floceuli are placed under the microscope they are seen to consist of 
epithelium and mucous cells, Lastly, with a minority of the fish the 


ii 
A 
iw 
5 
Ay 
a 
f 
\ 
4 
& 
5 
“ 


vii . PROC. PHYSIOL. SOC; DEC. 13, 1883. 


 ventral-fins and the snout become very red. These effects suggest. that 
distilled water and those solutions but little capable of sustaining life 
act as irritants, and it is possible that they may kill by changes — 
in the epithelium of the gills preventing proper respiration. 

The following experiments however suggest that very possibly salts 
are abstracted from the fish which are essential for their life. 

I placed twenty-four minnows in 1000 c.c. of distilled water, that is 
four times as many fish as in previous experiments, Most died in the 
course. of six or seven hours, Five died in forty-eight hours; two 
were alive and well at the expiration of seventy-two hours. These two 
I placed. in a fresh quantity of distilled water and they were both wat 
in six hours. 

It is obvious that here the prolonged life was not due to habituation, 
for fish died speedily when placed in a fresh supply of distilled water: 
It is obvious that the fish gave up something to the water which 
rendered it capable of sustaining life, probably inorganic salts. This 
conclusion is confirmed by the following continuation of the preceding 
experiment, Into the water which previously contained the twenty-four 
minnows I placed six fresh fish, and all were alive and active seven days 
. I tested the water for lime and obtained a very faint opalescence- on 
adding a solution of oxalate of ammonia. The quantity of lime’ was 
however very small and less than that in tap water diluted with two 
parts of distilled water, and this mixture I find can only sustain life for 

about forty-four hours. It is possible that the fish gave up some organic 
in the water prevent the action on the of 


4, Mr, W. W. Hatuipurton an for 
rapidly and the temperature of 
of proteids, 


Pror ScHAFER exhibited a simple ool ilty constructed form of 
spring myograph, well adapted for the study of the period of latency 
under different conditions; and also a new form of: plethysmograph, 
whieh was shown recording the changes of volume of the frog’s heart, 
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lished in 1882, and were either received too late for insertion in the 
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